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PREFACE 



The purpose of this volume is to supply a manual 
^ on Transformer Design. It contains what the author 
\ believes will be of most service to the student who is 
& just entering upon his experience as a designer. 
G Good electrical apparatus cannot be designed by any 

set of rules, and it must be recognized that it is not, in general, 
feasible to develop a real designer in a college course. How- 
ever, there are certain fundamental scientific principles which 
can be laid down definitely and taught with precision. 
The student should bear in mind that while there is much in 
this volume that is of practical value, the main object is 
to present as clearly and briefly as possible the fundamental 
principles upon which the design necessarily rests. He 
also should bear in mind that he cannot expect to get any 
more than a training that will be of value and assistance 
to him, if at any time in his later experience he should decide 
to become a designer. 

An electrical designer must also be a mechanical 
designer. This point is very often overlooked by the 
beginner. It is possible to devise some very wonderful 
designs from an electrical standpoint, but which when the 
mechanical features are considered are absolutely im- 
practical. 

The design of direct-current dynamos was covered in 
Volume I. Alternators, synchronous motors, rotary con- 
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vi PREFACE 

verters, induction motors and switchboards will be covered 
in succeeding volumes. 

Special attention has been given to the arrangement 
of the work with regard to the order of the process of 
making the calculations. 

The author has drawn very largely upon information 
obtained from the Manufacturing Companies. He desires 
to acknowledge his indebtedness to the above companies; 
and to express his appreciation of their courtesy for per- 
mission for use of illustrative cuts, drawings, etc., also to 
many others whose valuable suggestions have been utilized 
in preparing this work. 

W. T. Ryan. 

University op Minnesota, 

Minneapolis, Minn., 

Jan. 1, 1912. 
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DESIGN OF ELECTRICAL MACHINERY 



VOLUME II— ALTERNATING-CURRENT TRANSFORMERS 



CHAPTER I 
DEVELOPMENT OF ALTERNATING-CURRENT TRANSFORMERS 

The alternating-current transformer consists of one 
or more magnetic circuits interlinked with two electric 
circuits, one of which (the primary) receives electrical 




Fig. 1. — Faraday Ring. 

energy at a prescribed voltage, and the other (the secondary) 
delivers this same energy minus the necessary losses in the 
transformer (usually) at a different voltage. 

In following out the development of the transformer, 
we find that improvements have been made by a process 
of evolution in which rudimentary forms were successively 
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2 DESIGN OF ELECTRICAL MACHINERY 

replaced by more and more completely developed designs. 
The prototype of the modern transformer is Faraday's 
iron ring (Fig. 1), with which he made the initial discovery 
of electro-magnetic induction. 

Faraday's initial transformer consisted of an iron 
ring about seven-eighths of an inch thick and six inches in 
external diameter. On one side were wound a number of 
turns of wire separated by twine and calico. On the other 
side of the ring but separated from the first winding by an 



Fig. 2. — Diagram Illustrating Magnetic Leakage. 

interval was placed a second winding. He found that 
when the connection of a battery to the first winding was 
broken an electromotive force was induced in the second 
winding. 

Since the lines of force not only pass through the iron, 
but to some extent through the air (Fig. 2), it follows that 
only a part of the magnetic flux in the primary coil actually 
threads through the secondary coil, the rest closing around 
the primary coil in air. The difference in flux in the primary 
and secondary coils will be greater the farther the coils 
are from each other, and the greater the reluctance of the 
iron circuit. The result is that a portion of the lines of 
force are caused to leak out laterally and produce a leakage 
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ALTERNATING-CURRENT TRANSFORMERS 3 

field which does not in any way contribute to the produc- 
tion of electromotive force in the secondary coil. The 
arrangement of coils in Fig. 1 is bad on account of their 
great distance. It does not give a strong magnetic flux 
through the core if a large current be taken from the 
secondary. 

The conditions which influence leakage can best be 
understood by assuming that the primary coil carries a 
continuous current, while through the secondary there 
passes either no current, or else a continuous current in 
such a direction as will tend to weaken the field produced 
by the primary current. The primary current must then 
be sufficiently large to tend to produce a field equal to, 
but opposed in direction to the field which the current in 
the secondary tends to produce, and in addition it must 
produce the actual flux present in the transformer. The 
primary coil, therefore, drives a magnetic flux in a certain 
direction through the core. If no current flows in the 
secondary then the lines of force have only the reluctance 
of the iron path to overcome which will be so small that 
only a few of the lines of force will be crowded out. If, 
however, the secondary also carries a current it will tend 
to produce a flux in the opposite direction, which colliding 
with the original flux causes considerable leakage, thus 
weakening considerably the flux actually passing through 
the secondary coil. This reasoning applies to the case of 
alternating currents provided that the change in direction 
occurs in both coils nearly simultaneously, a condition 
which is always fulfilled in transformers working under 
load. 

With the arrangement shown in Fig. 1 the leakage is 
very large. The design may be improved by spreading 
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4 DESIGN OF ELECTRICAL MACHINERY 

each of the coils over one-half of the circumference as 
shown in Fig. 3. As regards leakage, this is an improvement 




Fig. 3. — Spreading of Coils to Reduce Magnetic Leakage. 




Fig. 4. — Sub-division of Coils to Reduce Magnetic Leakage. 

over Fig. 1. The improvement may be carried still further 
by subdividing each coil into several parts. Fig. 4 shows 
six separate coils arranged to cover the ring uniformly, 
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and connected alternately with the primary and secondary 
circuit. The leakage field is now only about one-ninth of 
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Fig. 5. — Sub-divided Coils on Rectangular Core (Core Type). 

its previous value. If, instead of subdividing each coil 
into three parts, it were subdivided into four, the leakage 
would be only one-sixteenth of its previous value, etc. 
By carrying the principle of subdivision far enough, the 
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Fig. 6. — Co-axial Coils on Rectangular Core (Core Type). 

leakage field may be reduced to such an extent that its 
effect is practically negligible. 
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DESIGN OF ELECTRICAL MACHINERY 



For geometric and practical reasons, the shape of the 
magnetic link was changed from a circle to a rectangular 
frame, and the coils placed on the two longer sides of the 
rectangle (Fig. 5). 

In the arrangement shown in this diagram, the primary 
winding is subdivided into four coils which alternate in 
position with the four coils of the secondary winding. A 
more usual and equally effective arrangement as regards 



/ / 




Fig. 7. — Hedgehog Transformer. 

leakage consists in placing the coils axially within each other 
(Fig. 6). 

This reduces the number of coils to be wound and 
handled and simplifies the insulation between the primary 
and secondary coils. 

One of the early investigators, J. Swinburne, introduced 
the so-called " hedgehog " transformer (Fig. 7) with the 
intention of reducing the iron loss. He placed the coils 
upon a core consisting of a bundle of iron wires with their 
ends spread out like the back of a hedgehog. The lines 
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ALTERNATING-CURRENT TRANSFORMERS 7 

of force passing through the core must complete their path 
through air, as shown in the diagram. Hysteresis loss 
takes place only in the small quantity of iron which forms 
the core proper. The actual iron loss is very little, if any, 
less than it is in the closed magnetic circuit types. This 
type of transformer requires an exceedingly large exciting 
current. With the secondary open the primary current 
may be as much as 50 per cent of full-load current, whereas 




Fig. 8.— -Shuttle Transformer. 

in the closed magnetic circuit types, it is only a very small 
fraction of full-load current. This type of transformer 
did not prove itself successful in practice. 

One of Rankin Kennedy's early specifications describes 
a transformer made with a shuttle-shaped core, constructed 
out of a pile of iron stampings, insulated from one another 
and pressed together, over which were wound the primary 
and secondary windings. The magnetic circuit was com- 
pleted by winding iron wires over the shuttle-shaped coil, 
the direction of such windings being perpendicular to the 
axis of the core. 
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DESIGN OF ELECTRICAL MACHINERY 



Transformers now in use may be divided into two great 
groups: 

I. Those with distributed coils. 
II. Those with distributed magnetic circuits. 



Coil 



Coil 





Fig. 9. — Distributed 
Coil Type (Core). 



Fig. 10.— Distributed Coil 
Type (European). 



The types shown in Figs. 9 and 10 belong to the first 
group, and those shown in Figs. 11, 12, 13, 14 and 15 
belong to the second group. 
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Fig. 11. — Distributed Magnetic 
Circuit (Small Shell Types). 



Fig. 12. — Distributed Magnetic 
Circuit (Large Shell Types). 



Which of the two general types is the better cannot 
generally be decided upon, but depends upon a variety of 
circumstances. 
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With distributed coils the weight of iron is small, and 
the length of the turns of wire is short. The path of the 
flux, however, is very long, hence the number of turns is 



Mica Shields 




Secondary 
Primary 




Fig. 13. — Distributed Magnetic 
Circuit Type. 



Oil Channels 



Fig. 14. — Distributed Magnetic 
Circuit (G. E. Co.). 



large, since the number of ampere turns required to pro- 
duce the flux is large. The total weight of copper is there- 
fore rather large, but the coils are accessible, and more 
exposed to the cooling effects of the oil. 
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Fig. 15. — Distributed Magnetic Circuit (Westinghouse Co.). 

With a distributed magnetic circuit, the length of the 
magnetic circuit is short, hence fewer ampere turns are 
required to produce the flux. The coils have fewer turns, 
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DESIGN OF ELECTRICAL MACHINERY 



but much longer turns. The total weight of copper is, 
however, rather small. It permits of a simpler and better 
mechanical construction, since the coils are protected from 
mechanical injury. It requires more iron thus increasing 
the iron loss and making it difficult to get a high all-day 
efficiency. The coils are not readily accessible or so well 
exposed to the cooling effect of the oil. The leakage flux 




Fig. 15a. — Distributed Magnetic Circuit (Westinghouse). 

is a little larger than with the other type, thus tending to 
make the regulation a little poorer. If the transformer 
is damaged by lightning, repairs are more easily made. 
If a damaged distributed-magnetic-circuit transformer is 
repaired " on the ground " it will usually be found impossible 
to replace all the iron. This simply means more iron loss, 
higher temperature rise and hence a little lower efficiency. 
With the distributed-coil type, especially the smaller sizes, 
it will often be found impossible to replace all of the wire. 
This means that not only the temperature rise is increased, 
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and the efficiency lowered, but the ratio of transformation 
is changed, hence the voltage available at the secondary 
terminals is no longer the same. 

The later types give a better opportunity for getting 
away from the old so-called " mummifying " methods 
of insulating which formerly prevailed in transformers, 
and the making use of the " skeletonized " constructions 
and heat dissipating and impregnating compounds. The 
coils can be made up so as to constitute rigid cylinders which 
may be slipped off the winding form and upon the iron 
core of the transformer. The core may be separated from 
the windings and the windings from each other by fibrous 
strips, thus leaving channels for the air or oil to circulate 
through. A cylinder of micanite or other material may be 
slipped in between the primary and secondary windings, 
and this in turn may be separated from the windings by 
insulating strips providing still more channels for the air 
and oil to circulate through. Wrapping should be avoided 
and distance strips freely employed as far as practicable, 
in the interests of obtaining good surface radiation and 
avoiding great depths of unventilated windings. 

A good transformer of any type must have the core 
losses, copper losses, regulation and quality of insulation 
correctly proportioned in order to secure the best average 
results. 
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CHAPTER II 

VARIETIES OF TRANSFORMERS AND THEIR CHARACTERISTICS 

The varieties of transformers met with in commercial 
practice are as follows: 

(a) Constant potential transformers. 
(6) Constant current transformers. 

(c) Series transformers. 

(d) Auto-transformers. 

(e) Rotary transformers. (As this type is inherently 
a synchronous A.-C. motor, it will not be discussed 
in this volume). 

Constant-potential Transformers 

Regulation. The function of this type is to receive 
electrical energy at a prescribed e.m.f. and to deliver it 
with as little variation as possible in the secondary e.m.f. 
at all loads and at different power factors. 

The American Institute of Electrical Engineers defines 
regulation as follows: " In constant-potential transformers, 
the regulation is the ratio of the rise of secondary terminal 
voltage from rated non-inductive load to no load (at constant 
primary impressed voltage) to the secondary terminal 
voltage at rated load." It is further required that the 
frequency be kept constant, and that the wave of impressed 
e.m.f. be sinusoidal. The transformer must also operate 
without excessive rise in temperature, such excessive 
rise being injurious to the insulation and reducing the 
efficiency. The temperature rise, as measured by increase 

12 



Digitized by VjOOQLC 



ALTERNATING-CURRENT TRANSFORMERS 



13 

above 



in resistance of the coils, should not exceed 50° C 
the surrounding air. 

In a modern transformer the magnetic leakage is so 
small that for unity power factor its effect on the regulation 
is practically nil. The primary impressed e.m.f. minus the 




phase of flux 



Fig. 16. 

IpR P volts expended in overcoming the resistance of the 
primary coil is operative in producing secondary pressure. 
IJt 9 volts are further expended in overcoming the resistance 
of the secondary coil. A part of the impressed e.m.f. is 
used in overcoming the inductive drop IpX p and I,X t due 
to the leakage flux. The inductive decrements IpX p and IJC 9 
are approximately at right angles to the primary impressed 
e.m.f., E py and the secondary e.m.f., E 8 , so long as the 
power factor is unity, therefore, do not reduce them appre- 
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ciably. A lagging power factor will cause IpX p and I,X g 
to reduce the regulation more and more as the angle which 
I p makes with the base line decreases. 

From Fig. 16 it is evident that certain leading power 
factors might cause the regulation to be even better than it 
is when the power factor is unity. It is possible in some 
cases to insert such an amount of capacity into the secondary 
circuit that a regulation of 100 per cent is obtained. The 
following table shows the regulation of a line of transformers 
built by one of the most reputable manufacturers. These 
values were given out in 1907. Although very good, some 
improvement has been made since then. The core losses 
have been reduced considerably. 

TABLE I 

Data Based on 1100 or 2200 Volts 60 Cycles, Sine Wave Secondary 

Volts 110 or 220 



Kilowatt 


Core 
Loss. 


Copper 
Loss. 


Per cent 
Reg. 


Full 
Load. 


Efficiency. 


Net 
Weight 
in Lb. 
Inc. Oil. 


1 Load. 


*Load. 


J Load. 


.6 


21 


15 


2.54 


94.3 


93.9 


92.4 


87.2 


90 


1 


27 


24 


2.45 


95.2 


94.9 


93.8 


89.8 


100 


1.5 


32 


34 


2.30 


95.8 


95.7 


94.9 


91.7 


160 


2 


37 


45 


2.28 


96.1 


96.0 


95.4 


92.6 


165 


2.5 


41 


53 


2.15 


96.4 


96.4 


95.8 


93.4 


195 


3 


45 


61 


2.08 


96.6 


96.6 


96.1 


93.9 


200 


4 


55 


74 


1.92 


96.9 


96.9 


96.5 


96.4 


295 


5 


62 


90 


1.90 


97.1 


97.1 


96.7 


94.9 


325 


7.5 


84 


122 


1.75 


97.3 


97.4 


97 


95.3 


400 


10 


102 


149 


1.59 


97.6 


97.6 


97.3 


95.9 


450 


15 


137 


209 


1.51 


97.7 


97.8 


97.5 


96.2 


810 


20 


162 


268 


1.42 


97.9 


98 


97.8 


96.6 


900 


25 


187 


311 


1.31 


98.1 


98.1 


97.9 


96.8 


1175 


30 


210 


359 


1.25 


98.1 


98.2 


98 


97 


1230 


40 


258 


450 


1.20 


98.3 


98.3 


98.2 


97.2 


1580 


50 


307 


540 


1.15 


98.3 


98.4 


98.3 


97.3 


1615 
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Fig. 17 indicates what may be expected in the way 
of regulation at 80 per cent power factor as compared to the 
regulation at 100 per cent power factor. The regulation 
on power factors in between is about in proportion. 

Losses. The second column of Table I shows the core 
losses which are the same at all loads since the frequency 
and flux density remain constant. Column 3 shows the 
copper losses which vary as the square of the primary and 
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Fig. 17. — Curves showing Regulation of Transformers of Recent Design 
(N.E.L.A. Proceedings, Vol. I, 1909). 

secondary currents. Fig. 18 contains curves showing the 
copper loss, the core loss and the total loss at various loads 
for a 5-KW. transformer. 

Efficiency. Fig. 18 also shows the efficiency for the 
same transformer. The efficiency reaches its maximum 
value in this case at three-fourths load, is the same at 
full load, and falls off slightly on one and one-fourth load. 
The location of the highest efficiency point depends, of 
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course, upon the relation of the copper and iron losses. 
A transformer may therefore be designed to suit a large 
or small average load. There is, however, another very- 
important consideration which should not be overlooked, 
i.e., the total cost of supplying to the transformer its losses. 
In supplying transformer losses the actual cost of 
generating current, say one-half cent per kilowatt hour, 
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Fig. 18. — Curves showing Variation of Losses and Efficiency with Load, for 
a 5-KW. Transformer. 

and a fixed charge for interest, taxes, depreciation, etc., 
on the station equipment of say, 13 per cent on $150 or 
$19.50 per kilowatt capacity is what should be considered 
in calculating the cost of these losses. Assuming a daily 
load on the transformer to be equivalent to five hours of 
full load, the actual cost of the power used for supplying 
the copper loss of the 10-KW. transformer of Table I, 
will be: 
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Fixed charge equals, 149 X $19. 50 =$2. 91 

Cost of 149 watts for 5 hours per day for 365 days 
at $.005 per kilowatt hour equals 1 .36 

Total cost $4.27 

The core losses are supplied for 24 hours a day for 365 
days. The cost of the core losses would be: 

Fixed charge 102X$19.50«$1.99 

Cost of 102 watts for 24 hours per day for 365 days 
at $.005 per kilowatt hour = 4.47 

Total cost $6.46 

It is to be noted that the total cost of the iron losses 
are considerably larger than the total cost of the copper 
losses, and that the total amounts to over $1 per kilowatt 
transformer capacity. The total losses in the above 
transformer is 149 plus 102=251 watts. If the core losses 
were only one-third of the total loss and the copper losses 
the other two-thirds, the cost of supplying the losses would 
be less under the above conditions. Suppose the core loss 
were 84 watts, and the copper loss 167 watts, a total of 
251 as before, the result would be as follows: 

Copper loss fixed charge 167X$19.50=$3.26 

Cost of 167 watts for 5 hours per day for 365 days 
at $.005 per kilowatt hour 1 .52 

Total cost $4.78 

Core loss fixed charge 84X$19.50 = 1.64 

Cost of 84 watts for 24 hours per day for 365 days 
at $.005 per kilowatt hour 3.68 

Total cost $5.32 

The sum total cost of the losses in the first case is $4.27 
plus $6.46 =$10.73. In the second case it is $4.78 plus 
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$5.32 =$10.10 which is $0.63 less and represents a saving 
on the total of 6 per cent. It is evident that the total 
cost of supplying the losses would be a minimum when 
the total cost of the core losses and of the copper losses 
are equal. In the above case the total cost would be a 
minimum if the copper losses were approximately 2.5 times 
the core losses. For a transformer of given cost, however, 
as the iron loss is reduced, and the copper loss is increased, 
a point is soon reached beyond which a further decrease 
in the iron loss can be made only at a very large correspond- 
ing increase in the copper loss. There is another side to 
this problem of low iron losses and high copper losses for a 
given sum total of the two. In many cases the copper loss 
is of the greater importance. On a non-inductive load 
the copper loss in per cent is practically equal to the regu- 
lation in per cent. Since the copper loss determines the 
regulation, if regulation is of primary importance, it is 
desirable to have a low copper loss rather than a low iron loss. 
The copper losses reduce the watt-hour meter reading, 
whereas the iron loss is measured on the station side of the 
transformer. Every watt hour lost by reduction of the 
meter reading must be charged at the selling price of the 
energy, whereas a watt-hour core loss should be charged 
for at the rate it costs to generate it, which is usually 
several times less than the actual selling price. If the prob- 
lem were solved on this basis, it at once becomes evident 
that it is just as important to keep down the copper losses 
as it is to have very low iron losses. It would seem there- 
fore, that there is often a fallacy in the usual argument 
for extremely low iron losses, and that the anxiety on the 
part of some managers to get transformers in which the iron 
loss has been forced down to the last watt, even though 
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it is accomplished at the expense of the copper losses and 
the regulation, is a mistake; and one that almost has 
become a hobby. 

A very elaborate theoretical investigation might be 
made as to what relationship should exist between the 
copper losses and the core losses, in order that their sum 
might be a minimum from the standpoint of design only. 
Such an investigation seems to indicate that they ought 
to be about equal. Now, then, if the transformer is used 
24 hours a day on almost full load, it is at once evident that 
the copper and iron losses should be somewhere near equal 
in order that the cost of supplying them be a minimum. 
The author saw a test made on a 200 K.V.A. shell type 
transformer, 6600 volts, 60 cycles, in which the core losses 
were 1800 watts, and the copper loss 1780 watts. Another 
test on 100 K.V.A. 55,000 volt, 60 cycle, core type trans- 
former, showed 1400 watts core loss and 1250 watts iron 
loss. Core losses have been reduced considerably since 
the above tests were made, therefore the author believes 
that in large extra high voltage transformers, the core loss 
should be approximately 20 per cent less than the copper 
loss, whereas, in small lighting transformers, it should be 
somewhere in the vicinity of two-thirds the value of the 
copper loss, if the transformer is to be used on ordinary 
lighting and power circuits, in order to minimize the cost 
per year of the transformer losses. 

Another question which might arise is, why not make 
transformers with lower total losses than is customary in 
order to minimize the cost per year of supplying these losses. 
If the losses were reduced the transformers would cost 
more. If the fixed charges, say 13 per cent, on the additional 
cost are less than the cost of supplying the additional 
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losses, then it would pay to buy more efficient transformers. 
The losses in modern transformers are such as to give 
the minimum total cost under about average conditions 
of use. 

Constant-current Transformers 

Series street-lighting systems require for satisfactory 
operation a constant current. Since there is produced 
in every large power station constant potential for prac- 
tically all other purposes by means of constant-potential 
alternating-current generators, it becomes desirable to 
produce constant current in the secondary with constant 
potential on the primary. This is usually accomplished 
by means of the constant current or " tub " transformer. 

The primary of this transformer receives constant 
e.m.f. from the.generator circuit and maintains, automati- 
cally, a constant current in the secondary, by the movement 
of the secondary coil, which is carried in guides and sup- 
ported from the end of a counterweight arm provided with 
an adjustable counterweight. The primary and secondary 
coils repel each other when they are carrying current, 
therefore tend to take positions as far apart as possible. 
The maximum magnetic leakage, and hence the lowest 
ratio of transformation of e.m.f. occurs in this extreme 
position. The minimum magnetic leakage occurs when 
the coils are in contact, hence the highest ratio of transforma- 
tion. The secondary coil is counterweighted to such an 
extent that it floats under load, adjusting itself automatically 
to a constant current over a wide variation in load. An 
elongated shell type magnetic current is used, and the 
coils are flat and well protected from mechanical energy. 
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The transformer is usually mounted in an oil-filled case, 
though some of the small ones are not enclosed. The rating 
is usually on the number of arc lamps for which the trans- 




Fig. 19. — Constant-current Transformer. 

former is suitable. The current is usually 6.6 amperes, 
and the number of lamps either 25, 50 or 100. 

A constant current may also be maintained either by 
varying automatically the number of turns on the.secondary, 
or by varying the impedence in the primary or secondary. 
The former, though it seems to have many points in its 
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favor, has been used commercially only on a very small 
scale in this country. A differential solenoid automatically 
changes the number of secondary turns as the strength of 
current through the automatically operating relay changes. 
In the latter scheme shown in figure 20, the circuit to the 
lamps is run directly from a constant potential transformer or 
generator, through a choke coil with variable self-induction. 




4=3- 



m 



Core 



Arc Lamp Circuit 



Fig. 20. — Series Arc Lamp Regulator. 

The motion of the coil with respect to the core causes more or 
less e.m.f. to be consumed by the coil as the number of 
lamps in the circuit is varied. 

The coil may be over the core or vice-versa, the moving 
part being counterweighted. This movement causes the 
coil to be surrounded by more or less magnetic flux, and 
correspondingly varies the reactance of the coil. The 
reactance controls the current in the circuit. The device 
is generally known as a constant-current regulator. 
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It is simpler than the transformer, but the latter has the 
advantage of its ability to transform the e.m.f . at the same 
time that it is regulating the current. 

Series Transformers 

It is very desirable to be able to use ammeters, watt- 
meters, and watt-hour meters of standard sizes, and a 
limited range on a variety of circuits. This is accom- 
plished by the use of series transformers. Also, very often 
we wish to measure the current or the power in the high- 
potential side of alternating-current lines, but on account 




3E 



m 



Fig. 21. — Series Transformer. 

of safety do not wish to connect the instrument directly 
in series with the line. In such cases the metallic connec- 
tion to the line is avoided by use of the series transformer. 

If the primary coil of a constant-potential transformer 
is connected in series with a circuit, and the secondary is 
connected through a resistance, the secondary and primary 
currents will be proportional. If an ammeter is short- 
circuited upon the secondary of the transformer, it will 
indicate a current which is equal to the primary current 
multiplied by the inverse ratio of the turns. The con- 
nections are shown in Fig. 21. 

If 1000 amperes were the maximum current in the line, 
a 5-ampere meter could be used if a series transformer 
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whose ratio were 200 to 1 were available. Series trans- 
formers are now made in small sizes and in a form con- 
venient for switchboard work. 

Series transformers are designed under the same require- 
ments as to core loss and regulation as constant-potential 
transformers except that they are worked at a very low 
magnetic density, in order that the permeability will not 
vary very much as the current changes. It is readily seen 
that the current in the secondary depends not only on 
the ratio of turns, but also upon, (a) the resistance and 
reactance of the transformer itself and the instruments 
connected in series with it and, (6) on the permeability of 
the magnetic circuit of the transformer. To be accurate 
therefore, an ammeter or watt-meter must be calibrated 
with the series transformer with which it is to be used. 
On account of the change of permeability for different 
values of current, there will not be a straight-line relation 
between the primary and secondary currents. By employ- 
ing a low magnetic density, however, the relationship is 
made to approach very closely to a straight line. 

Auto Transformers 

The auto transformer is a special type of constant 
potential transformer that is useful in special cases. Its 
principal use is to reduce the voltage in starting induction 
motors. It consists simply of a single winding tapped at 
different points as shown in Fig. 22. 

The line e.m.f. is consumed uniformly throughout 
the turns. If there are 2000 turns and if 2000 volts is applied 
to the coil, a voltmeter connected across any part of the 
winding will indicate as many volts as there are turns 
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included between the points of contact. Current may 
be taken from these two points and the same winding will 
serve both as pr'mary and secondary. As a transformer, 
considered from the standpoint of efficiency, operating 
characteristics, etc., this method of construction is very 
inferior in every way to that where two separate windings 
are used. 




2000 



1000 



Fig. 22. — Auto-transformer. 



Polyphase Transformers 



In transforming polyphase e.m.f. from one voltage to 
polychase e.m.f. at another voltage, instead of using one 
transformer for each phase, one polyphase transformer 
may be used. A polyphase transformer consists of several 
single-phase transformers having portions of their magnetic 
circuits in common. Since these portions of the magnetic 
circuits carry fluxes differing in phase, an economy of 
material results due to the fact that the resultant flux is 
less than the arithmetical sum of the component fluxes. 
A still further saving is effected due to the necessity of only 
one instead of several containing tanks. Two single-phase 
transformers are always used on two-phase circuits. Three- 
phase transformers are quite generally used in Europe, 
and their use in this country is constantly increasing. The 
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magnetic circuits of the two usual types are shown dia- 
grammatically in Fig. 23 and Fig. 24. 

The advantages of three-phase type over three single- 
phase transformers are: (1) A saving of from 10 per cent 
to 20 per cent in first cost; (2) a higher efficiency, and 
(3) a smaller floor space is required. The cost of repairs 
and the cost of a spare unit are greater than if three single- 
phase transformers are used. Then, again, if a delta system 
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■J , ,i .i , fJ - 



Coils 



Coils 



Coils 
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Fig. 23.— Three-phase 
Transformer. 



Fig. 24. — Three-phase 
Transformer. 



of connection is used, the loss of one transformer does 
not mean a cessation of service. 

Exciting Current in Constant-potential Transformers 

When the secondary is open circuited, there is a certain 
amount of current flowing in the primary for the purpose 
of: (1) magnetizing the core, (2) supplying the core losses. 
This " exciting " or no-load current,flows 24 hours per day, 
therefore it is important to keep it as low as possible. 
The magnetizing component of the exciting current repre- 
sents no loss of power as it is 90° out of phase with the 
line e.m.f. The core loss component however is a power 
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loss, and may be obtained by dividing the core loss in 
watts by the impressed e.m.f. The magnetizing com- 
ponent may be obtained from the following formula: 



/m = 



10 L m <b .5627 BL m 



4%NAv.V2 Ny. 



where 5= flux density; 

L m = length of magnetic circuit; 
N= number of primary turns; 
H= permeability of the magnetic circuit at the 
density B. 

An examination of the above formula shows that the 
magnetizing current is larger the greater the density and is 
also larger the smaller the permeability. Table II gives 
the permeability of ordinary transformer iron at different 
densities: 

TABLE II 
Permeability of Transformer Iron at Different Magnetic Densities 



B 




B 




Lines per Sq.in. 


t* 


Lines per Sq.in. 


V- 


15000 


2400 


80000 


1200 


20000 


2600 


85000 


1000 


30000 


3000 


90000 


800 


35000 


2950 


95000 


530 


40000 


2900 


100000 


360 


45000 


2800 


105000 


260 


50000 


2650 


110000 


180 


55000 


2500 


115000 


120 


60000 


2300 


120000 


80 


65000 


2100 


125000 


50 


70000 


1800 


130000 


30 


75000 


1500 


140000 


15 
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From the above it is evident that the magnetizing cur- 
rent will be much greater at high magnetic densities than 
at lower densities. If B is 60,000 the permeability is 
2300, whereas if B is 120,000 the permeability is only 80. 
The magnetizing current would therefore be 58 times as 
large. This explains why it is that when transformers 
are switched on to a circuit, there are liable to be very heavy 
rushes of current if magnetic densities of more than about 
50,000 to 60,000 lines of force per square inch are used. 

In a transformer working on open circuit, assume a 
magnetic circuit whose area is one square inch, that the 

Voltage Flux c.e.m.f. 
I i I 




Fig. 25. 

voltage wave is of sine form, that the flux wave is of similar 
form, lagging behind the voltage wave by 90°, as shown 
in Fig. 25, and that the maximum value of the flux is 
60,000 lines. On open circuit the e.m.f. of self-induction 
is practically equal to the impressed e.m.f. The voltage 
wave shown is produced by the flux, and must be practically 
equal to the impressed e.m.f., which is shown by the dotted 
line. To produce the voltage wave from A to B it is neces- 
sary that the flux pass from 60,000 lines negative to 60,000 
positive, which is a change of 120,000 lines. The voltage 
wave from A to B could also be produced by a flux curve 
starting from zero and reaching a maximum of 120,000 
lines. 
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If the residual magnetism were zero and if the trans- 
former were switched on to the circuit at the point A of 
the voltage wave, Fig. 26, i.e., at the instant of zero potential, 
the flux would have to start from zero and go to 120,000 




Fig. 26. 



lines in order to produce a c.e.m.f . wave between A and B 
equal and opposite to the impressed e.m.f. From the 
equation for the magnetizing current it is at once evi- 
dent that a very heavy magnetizing current will flow. 



latooo 




Fig. 27. 



The higher the induction in the iron under normal condi- 
tions, the greater will be the saturation, hence the greater 
the rush of current at the instant of switching. If the 
switch is closed when the voltage is at its maximum point, the 
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flux will start at zero and go through its cycle without exceed- 
ing the normal induction and without any excess rush of 
current. If the switch is closed in between it will go to 
a point between normal induction and twice normal depend- 
ing on where the voltage wave is caught. If the iron is 
already magnetized, when the switch is closed, and the voltage 
wave is caught at its zero value, the induction would go to 
125,000 lines as indicated in Fig. 27, the residual being taken 
as 5000 lines in the positive direction. If the residual 
magnetism were 5000 lines negative the induction would 
go to 115,000 lines as indicated by the dotted line. This 
enormous magnetizing current soon ceases to flow because 
of the fact that the ohmic drop, which we have neglected 
so far, tends to reduce the maximum value of the flux, 
thus changing it from a pulsating to an alternating one, and 
bringing it quickly to its normal value. 

Improvements in methods of design make it possible 
to work transformer iron at much higher densities than was 
customary a few years ago. Permeabilities have not been 
materially increased, therefore it follows that modern trans- 
formers are more subject to rushes of current at switching 
than the older designs. 
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CHAPTER III 

METHOD OF DESIGNING CONSTANT POTENTIAL 
TRANSFORMERS 

A transformer is usually designed to take current 
from the mains at a prescribed electromotive force and 
frequency, and to deliver current to a receiving circuit at a 
different prescribed electromotive force. 

In the designing of such a transformer there is but one 
condition which must be met precisely, namely, the ratio 
of primary to secondary turns must be equal to the ratio 
between the prescribed primary and secondary voltages. 
All other points in the design are to a large extent matters 
of choice guided in a general way by experience. 

In designing a transformer, the principal points to 
strive for are: 1, good insulation; 2, good regulation; 
3, high efficiency; 4, small open-circuit current; 5, small 
rise in temperature; 6, low first cost. 

Some of these conditions are opposed to others, as for 
example high efficiency and low first cost. The allowable 
temperature rise varies widely with different makers, also 
the extent of radiating surface required per watt loss per 
degree rise of temperature varies between extremely wide 
limits, hence no simple rule can be given governing the 
matter. 

Given the required output of a transformer (rated out- 
put which can be satisfactorily delivered to a non-inductive 

31 
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circuit), frequency, primary and secondary electromotive 
force, the design of the transformer may be determined 
as follows: 

(A) Flux Linkage 

V2dV'<|>/ 



10 8 ' 
lO 8 ^' 22510000 E' 



(1) E'= 

(2) ^-vs?— /-"' 

where $ = maximum magnetic flux; 

/= frequency in cycles per second; 
N r = number of turns in primary; 
E 1 = primary electromotive force; 
<t>iV' =flux linkages. 

(B) Flux and Number of Turns 

Either the flux or the number of turns must be assumed. 
The first assumption will probably give a poorly propor- 
tioned design. If so, new assumptions must be made and 
the design revised, until finally the proper proportions 
are obtained. This requires both judgment and patience. 

Table III gives fair values for the total fluxes of dis- 
tributed coil lighting and power transformers. Table IV 
gives a similar set of values for the distributed magnetic 
circuit type. Both tables are based on a frequency of 
60 cycles per second. From Eq. (2) it is seen at once that 
if the frequency is lower the flux-linkages must be cor- 
respondingly larger. Therefore, either the flux or the 
number or turns or both, must be increased. 
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TABLE III 
Distributer Coil Ttpb 



Capacity in 
Kilowatts. 


Flux in 
Maxwells. 


Capacity in 
Kilowatts. 


Flux in 
Maxwells. 


1 


180000 


30 


950000 


2 


240b00 


40 


1000000 


5 


400000 


50 


1050000 


10 


600000 


60 


. 1100000 


15 


720000 


75 


1150000 


20 


840000 


100 


1200000 


25 


900000 







(3) 



TABLE IV 
Distributed Magnetic Circuit Type 



Capacity in 
Kilowatts. 


Flux in 


Capacity in 
Kilowatts. 


Flux in 


Maxwells. 


Maxwells. 


1 


300000 


30 


1600000 


2 


400000 


40 


1670000 


5 


680000 


50 


1725000 


10 


1000000 


60 


1775000 


15 


1200000 


75 


1825000 


20 


1400000 


100 


1900000 


25 


1500000 







N"~ 



N' 



where iV"= number of secondary turns; 
r= ratio of transformation. 
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(C) Area of Magnetic Circuit 

(4) Am= (.92)(B) 

where A»=area magnetic circuit; 
J3=flux density. 

An allowance of 8 per cent is made for the insulation 
between the iron laminations making up the core. 

For 25-cycle transformers assume a flux density of from 
60,000 to 75,000 lines of force per square inch; for 60-cycle 
transformers from 45,000 to 60,000 lines per square inch; 
for 125-cycle transformers from 35,000 to 50,000 lines per 
square inch. 

If the magnetic circuit is distributed, A m is the total 
average area of the magnetic circuits. The different magnetic 
circuits are in parallel and each is usually of the same area 
and length, thus having equal reluctance, if only two mag- 
netic circuits are employed. If there are four magnetic 
circuits, as in the Westinghouse, General Electric Co., 
and Western Electric Co. types, the three limbs of the 
rectangle which are outside the coils have an area about 
50 per cent larger than the limb of the rectangle which is 
inside the coils. Of course, this means a higher magnetic 
density in these central portions of the iron and that each 
magnetic circuit must be considered as a compound circuit 
in calculating the number of ampere turns. Figs. 14 and 
15 illustrate these particular types of magnetic circuits. 
In the General Electric Co. and Western Electric Co. 
types the four magnetic circuits are combined into one 
in the center, thus providing one large central core upon 
which the coils are assembled. 
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There are various methods of procedure from this point 
on. In the method about to be outlined by the author 




the iron loss is assumed. From the guaranteed efficiencies 
of various manufacturers one can easily predetermine this 
loss very closely. In the modern transformer the leakage 
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is so small that the copper loss practically determines the 
regulation on non-inductive loads. The core-loss and copper 
loss practically determine the efficiency. Hence, if the 
efficiency on a non-inductive load and the regulation 
are guaranteed, the core loss can be very closely estimated. 



A 




Fig. 29. — Magnetic Circuits and Coils of Modern Transformer (Western 

Electric Co.). 

If the regulation of a well-designed transformer is 2 per 
.cent and the efficiency is 96 per cent on a non-inductive 
load, the core loss will probably be slightly less than 2 
per cent (100—96—2=2) of the capacity of the transformer. 
Table I, Chapter II gives the core losses for a line of trans- 
formers made by a reputable manufacturer. Then again 
in the hand-books and in several of the manufacturing 
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Fig. 30. — Part of Magnetic Circuit and Coils of Modern Transformer 
(Western Electric Co.). 




Fig. 31.— Parts of Modern Transformer (Western Electric Co.). 
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companies' bulletins may be found tables giving the actual 
iron losses of various-sized transformers up to 50-KW. 
capacity. 

The losses in a transformer of increasing size, assuming 
the same constants of design, increase only approximately 
as the fourth root of the 3.4 power of the output Therefore, 
with larger and larger units a point is soon reached where 
the losses are relatively low and more than satisfying 
service requirements in this respect. In large transformers 
of the power class built for use in central stations where the 
transformers are usually fully loaded nearly all the time, 
there is not so much of a demand to keep down the iron 
losses, therefore no demand for lower iron losses than copper 
losses. In transformers of this class the losses are usually 
made about equal. 



(D) Volume of Iron 

(5) Wh= T ^W (Steinmetz). 

(6) ^ = L645^/^7 (Steinmetz). 

(7) W c =Wn+We. 

m w U/Tg 1 6 , 1-645 ff/'gy 

W W*- in? "T" inn 



10 7 10 

V r /(10V? 1 ' 6 +1,645 rf 2 /£ 2 ) 
10 11 



(9) F- : W ' W - 



'f(10hfi l -*+ 1-645 cPfB 2 )' 



Digitized by VjOOQlC 



ALTERNATING-CURRENT TRANSFORMERS 39 

where TT»= hysteresis loss in watts; 

We = eddy current loss in watts; 
W c = total core loss in watts; 

V= volume of iron in cubic centimeters; 

/= frequency in cycles per second; 

r) = coefficient of hysteresis; 

B= number of lines of force per square centimeter; 

d= thickness of iron laminations in centimeters. 

0.0012 is a fair value for rj. The thickness of iron lami- 
nations used in most transformers is about 14 mils, that is 
0.014 in. 

(E) Length of Magnetic Circuit 
(10) L„=£, 

where L»= length of magnetic circuit in centimeters; 

A m = area of magnetic circuit in square centimeters; 
7= volume of magnetic circuit in cubic centimeters. 

If the magnetic circuit is distributed, L m will be the 
length of each one of the parallel circuits. 

(F) Area of Conductors 

In a well-ventilated transformer it is usually necessary 
to provide 1000 to 1200 circular mils per ampere in the 
high-tension winding and from 1200 to 1500 circular mils 
per ampere in the low-tension winding. 

, , Jf Watt capacity 

til/ 1 — , 

where /' = primary current (for purpose of design) ; 
2£'= primary electromotive force. 
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y „ Watt capacity 

where /"= secondary Current; 

E" = secondary electromotive force. 

(G) Space Occupied by Core and Windings 

Lay out a magnetic circuit on the drawing board which 
will have approximately the predetermined area and 
volume and which will accommodate the windings in the 
space which is available. A good idea of the relative dimen- 
sions of the magnetic circuit may be obtained by examining 
the illustrations in Chapter IV. In determining the space 
occupied by the coils proper allowance must be made for 
isulation and for ventilating ducts. 

(H) Number of Secondary Turns 

N'E" 
(13) ^"=^"> 

where N"= number of secondary turns; 
iV'= number of primary turns; 
E"= secondary electromotive force; 
E'= primary electromotive force. 

The primary and secondary coils should be split up 
into at least two coils to allow connecting in series or multiple 
for different circuits. 

(I) Weight and Resistance of Conductor 

The average length per turn and the total length and 
total weight of copper in each coil may now be readily 
determined. 



Digitized by VjOOQLC 



ALTERNATING-CURRENT TRANSFORMERS 41 

(J) Losses 

The copper loss in the primary may be obtained by 
theEq.; 

(14) TT = (/') 2 (#'), 

where W' = copper loss in primary; 
/'= primary current; 
R'= resistance of primary. 

The copper loss in the secondary will be similarly: 

(15) TF' = (/") 2 #", 

where IF" = copper loss in the secondary; 
/"= secondary current; 
R" = resistance of secondary. 

The hysteresis and eddy current losses may be obtained 
by Formulas (5) and (6). These losses will of course be 
about as expected, since the basis of the design in the 
beginning was the amount of these losses. 

(K) No-load Primary Current 

The no-load primary current Id is the resultant of the 
iron loss component IJ and the magnetizing component /.'. 



(16) /o'-^(/.') 2 +(/.0 a . 

W 

(17) J„'~|*, 

where TF«=core loss in watts; 
E' = primary voltage 

10L»<1> M27BL m 



(18) /»' = 



4xiVAT)V2 N'n 
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where B - flux density ; 

jY'= number of primary turns; 
i}= permeability of the magnetic circuit at the 
' density B. (See table II, Chapter II). 
L«= length of magnetic circuit. 

In order to determine the primary current at various 
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Fig. 32. — Exciting Current in Transformers of Recent Design (N.E.L.A. 
Proceedings, 1909, Vol. I). 

non-inductive loads, V w is added directly to /' and I' m 
to V at right angles; /' being the current which would 
flow in the primary if the efficiency were 100 per cent. 

The no-load primary current is exceedingly small in 
a well-designed transformer, hence the error made by 
obtaining the primary current by dividing the watt capacity 
by the primary electromotive force is negligible. 
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(L) Leakage Flux 

The amount of magnetic leakage in a transformer 
depends very largely upon the separation of the primary 
and secondary windings. The leakage would be a min- 
imum if each primary turn were opposed by a secondary 
turn lying in exactly the same position. This is of course 
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Exciting Current i of Full Load 

Pig. 33.— (N.E.L.A. Proceedings, 1909, Vol. I.) 

impossible and magnetic leakage is present to just such 
an extent as this condition is not attained. Some writers 
have attempted to treat this problem mathematically. 
Such treatments are very difficult, and are very approx- 
imate even at their best. 

Although a number of theoretical equations are available 
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for determining the magnetic leakage reactance of a trans- 
former, only those that are based on empirical constants 
obtained from the exact type of transformer under considera- 
tion give results that conform with those obtained by test. 
The author believes that it is as useless to attempt to 
calculate the leakage in a transformer as it is of a direct- 
current dynamo. Practically every dynamo designer takes 
his leakage coefficient from a table based on his own or 
others, experience. Table V has been prepared from the 
results of data gathered from actual tests, and a number of 
calculations made by the author on several different trans- 
formers. Leakage may be kept down by so interspacing the 
primary and secondary coils as to provide as many leakage 
surfaces as possible. 

Dr. A.S. McAllister has given some "empirical " formulas 
in the Standard Hand-book on p. 237 that seem to possess 
considerable merit both from the standpoint of simplicity 
and comparative accuracy. 

(M) Regulation 

Magnetic leakage appears externally as an inductive 
reactance in both the primary and secondary coil. If all 
the lines which fail to pass through the secondary coils 
cut all the primary turns, it could be stated that the mag- 
netic leakage reactance varies directly as the square of 
the primary turns; this assumption which will be made is 
therefore only approximately true. The error however 
is very small under normal conditions and furthermore is 
on the safe side. 

The leakage coefficient given in Table V is the con- 
stant by which the total maximum flux in the transformer is 
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TABLE V 

Leakage Coefficients fob Modern Lighting Transformers 

(A) Single Magnetic Circuit with Subdivided Coils. Coils on Rectangular Core 



No. of Subdivisions of 

primary coil (interleaved 

with secondary). 


No. of Subdivisions of 

secondary coil (interleaved 

with primary). 


Leakage coefficient. 


2 
3 
4 
5 
6 


2 
3 
4 
5 
6 


0.05 
0.03 
0.02 
0.01 
0.006 



(B) Single Magnetic Circuit with Coaxial Coils on Rectangular Core, 
(Distributed Coil Type.) 



2 


2 


0.025 


3 


3 


0.018 


4 


4 


0.012 


5 


5 


0.009 



(C) Two Magnetic Circuits in Parallel. (Shell Type.) 



1 


2 


0.05 


2 


1 


0.05 


2 


2 


0.03 


3 


3 


0.02 


4 


4 


0.015 


5 


5 


0.01 



(D) Four Magnetic Circuits in Parallel. (Distributed Iron.) 



1 


1 


0.04 


2 


1 


0.023 


1 


2 


0.023 


2 


2 


0.019 


2 


3 


0.015 


3 


2 


0.015 


3 


3 


0.010 
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multiplied in order to get the flux which is to be substituted 
in the formula, 

Ijt =z ~ 



108/' 



max. 



in order to get the inductance which when multiplied by 
the quantity 2x/ will give X T where X T is the total leakage 
reactance of the transformer measured on the primary coil. 
If X 9 is the actual leakage reactance of the primary, X 8 
the actual leakage reactance of the secondary, and r the 
ratio of transformation; then X p and X a may be replaced 
by an equivalent reactance X T connected in series with 
the primary coil where, 

Ay- 2x/L/7», 

and 



LiT — 



108/ 



max. 



where N' = number of primary turns; 

J m ax.= primary current in amperes (maximum); 
<J>'= leakage flux as obtained by multiplying the 
total maximum flux by the coefficient given 
in Table V; 
/=frequency in cycles per second. 

The fact that the effect of magnetic leakage in a trans- 
former is equivalent to an inductance L T connected in 
series with the primary is illustrated very clearly by Franklin 
& Williamson in their book on Alternating Currents, pp. 
131 and 132. 
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We are now ready to construct the complete vector 
diagrams of electromotive forces and currents in a trans- 
former corresponding to the following arrangement : 




Fig. 34. 

Imagine the transformer itself to be an " ideal " one, i.e., 
as possessing no core losses, no ohmic resistances in the wind- 
ings, and no magnetic leakage. The ohmic resistance of pri- 
mary coil is replaced by an equal resistance R' outside the 
transformer. The effect of the leakage is taken care of 
by means of the reactance X T also outside of the trans- 
former and in series with the primary coil. R" is equal to 
the resistance of the secondary, and X 2 and R 2 represent 
the reactance and resistance respectively of the load. The 
current in the secondary /" is, 



/"^ 



E' 



y/R 2 2 +X 2 * 



The angle a is determined as' follows: 

j. -1 ^ 2 

a=tan — . 
tc 2 

From the above diagram it is seen that the impressed 
e.m.f. E f is reduced by an amount VR' in phase with /' 
plus I'Xt at right angles to /'. This leaves the e.m.f. 
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e' to be impressed upon our ideal transformer. The e.m.f. 
e" available at the secondary terminals of this ideal trans- 
former is e'/r, where r is the ratio of transformation. This 
is still further reduced by an amount VU" in phase with 




I" leaving the e.m.f. E" available to be applied to our load. 
The regulation in per cent is, therefore, 



(ev j T -pin \ 
1 )ioo. 



The regulation is ordinarily calculated at 100 per cent 
power factor (secondary load) and at 80^per cent power 
factor. 
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(N) Efficiency 

The efficiency for non-inductive load is given by the 
formula: 

(19) Efficiency = : 



E'T'+r*R'+I"*R"+W* m 

The all-day efficiency is usually calculated on the basis 
of full-load for five hours and no load for nineteen hours. 
It is thus given by the formula: 

(20) Efficiency = - 



5(E'T'+r 2 R'+I" 2 R") +24W C 



(O) Case 

In designing a case, the principal points to keep in mind 
are, strength for handling, provision for securing coils in 
position, accessibility for inspection and repairs, proper 
insulation of leads where they pass through the case and 
large radiating surface with small weight. There should 
be provided approximately three square inches of radiating 
surface per watt of loss for oil-cooled transformers and six 
for air-cooled transformers. In the larger sizes it will be 
found necessary to corrugate the case in order to obtain 
sufficient radiating surface. 
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Fig. 35. — Modern Transformer Removed from Case 
(Western Electric Co.). 




Fig. 36.— Showing Case and Method of Bringing Out Leads 
(Western Electric Co.). 
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Fig. 37. — Showing Case of Large Transformer (Western Electric Co.). 
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Fig. 38. — Showing Case of Modern Transformer (Westinghouse Co.). 




Fig. 39. — Looking Down into Distributed Magnetic Circuit Transformer 
(Westinghouse Co.). 
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Fig. 40. — Distributed Magnetic Circuit Transformer (Western Electric Co.). 
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Fig 41. — Transformer for Use on Pole (Westinghouse Co.). 




Fig. 42. — Transformer for Use on Pole (Western Electric Co.). 
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Fig. 43. — Illustrating Method of Bringing Out Secondary Leads (Wagner). 
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lent of Links on the 
lection Board. 



Primary 
Coils will 
be Con- 
nected in 



For Circuit 

Voltage 
Normal at 



with Second- 
ary Coils in 
Multiple. 



Ratio of Transformation 
at no Load 



with Second- 
ary Coils in 
Series. 




Multiple 



1100 



10:1 



5 :1 



Multiple 



1100 



9.05:1 



4.52 : 1 



Series 



2200 



20:1 



10:1 



-2095 V- 



^fC£^ 



Series 



2200 



19.05 : 1 



9.5:1 



-1890 V- 



W5^P 



2200 



18.1 :1 



9.05 : 1 



Fig. 44. — Illustrating Primary Terminal Block and Connections (Wagner). 
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CHAPTER IV 

The illustrations shown in this chapter are from 
transformer designs worked out by senior students in 
electrical engineering under the guidance of the author and 
using the method of design outlined in the previous chapter. 
The first four of the designs are transformers of the same 
rating, transformation, ratio, etc., but of different types. 

No. 7 is a 4-KW. transformer designed and built by 
students in the electrical engineering laboratory of the 
University of Minnesota. The ratio of transformation is 
one to one, or one to two. The voltage may be 110 or 220. 
Ten-volt taps and Scott connections are provided. These 
transformers are mounted on ball-bearing casters and are 
placed in the laboratory for the elementary transformer 
tests. They make an excellent type for this class of work. 

No. 11 is a 7-KW. welding transformer designed and 
built by students for use in the electrical laboratory of the 
University of Minnesota. It provides an excellent source 
of very large current. 

N 57 
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DESIGN No. 1 

Type Distributed coil 

Capacity 5000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycles per second 

Full load efficiency 96.2 

All day efficiency 91 .2 

Copper loss 117 watts 

Hysteresis loss 58 watts 

Eddy current loss 17 watts 

Weight of copper 67 pounds 

Weight of iron core 51 pounds 

Windings. Low Tension High Tension. 

Number of coils 4 4 

Turns per coil 54 540 

Total number of turns 216 2160 

Size of wire tV'XtV' No. 15 

Length of wire in feet 262 3388 

Resistance at 75° F 085 13.7 
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DESIGN OF ELECTRICAL MACHINERY 
DESIGN No. 1— Continued 




3 4 5 

Load in Kilo-Watts 
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DESIGN No. 2 

Type Distributed iron 

Capacity 6000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycles per second 

Full load efficiency 95.3% 

All day efficiency 91 .4% 

Copper loss 161 watts 

Hysteresis loss .50 watts 

Eddy current loss 15 watts 

Windings. Low Tension. High Tension. 

Number of coils 2 2 

Size of wire. No. 6 No. 16 . 

Turns per coil 115 1150 

Total number of turns 230 2300 

Resistance at 50° C 0.157 16 
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DESIGN No. 2— Continued 
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DESIGN No. 3 

Type Distributed iron 

Capacity 5000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycles per second 

Full load efficiency 96.8% 

All day efficiency 91 .8% 

Copper loss 97 . 5 watts 

Hysteresis loss 54 . 5 watts 

Eddy current losses ,. 17.5 watts 

Total losses 169.5 watts 

Windings. Low Tension. High Tension. 

Number of coils * 4 4 

Turns per coil 48 480 

Total number of turns 192 1920 

Size of wire 18"X18" No. 15 

Resistance 0. 129 ohms 5.08 
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DESIGN No. 3— Continued 
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DESIGN No. Z— Continued 
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DESIGN No. 3— Continued 
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DESIGN No. 4 

Type Distributed iron 

Capacity 5000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycles per second 

Full load efficiency 96.8% 

All day efficiency 93.5 watts 

Copper loss 53.8 watts 

Hysteresis loss 16 watts 

Eddy current loss 

Windings. Low Tension High Tension. 

Number of coils 2 2 

Number of turns per coil 99 990 

Total number of turns 198 1980 

Size of wire 110X .188 No. 16 

Resistance at 80° C 0612 11.67 
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SECTION A A 
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DESIGN No. ±— Continued 
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DESIGN No. 5 

Type Distributed iron 

Capacity 10,000 watts 

Primary voltage 2200/1100 

Secondary voltage *. 220/110 

Frequency 60 cycles per second 

Full load efficiency 96.7% 

All day efficiency 92.3% 

Copper loss 228 .4 watts 

Total core loss 130 watts 

Windings. Low Tension. High Tension. 

Number of coils 4 4 

Turns per coil 30 150 

Total number of turns 120 1200 

Size of wire. . ; &"X J" *"Xt" 

Resistance at 60° C 0545 5.45 
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DESIGN No. 5— Continued 
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DESIGN No. 5— Continued 
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DESIGN No. 6 

Type Distributed coil (core) 

Capacity 15,000 watts 

Primary voltage 4400/2200 

Secondary voltage 440/220 

Frequency -. 60 cycles per second 

Full load efficiency 96.8% 

All day efficiency 92.6% 

Copper loss 285 watts 

Hysteresis loss 142.6 watts 

Eddy current loss. 42.3 watts 

Windings. Low Tension, High Tension. 

Number of coils 2 2 

Turns per coil 99 990 

Total number of turns 198 1980 

Size of wire tV'XJ" No. 14 

Magnetizing current .0031 ampere 

Resistance at 50° C 081 13.7 
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DESIGN No. 6— Continued 
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DESIGN No. 6— Continued 
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DESIGN No. 7 

Transformer for Laboratory Use. 

Type r . Distributed iron (core) 

Capacity 4000 watts 

Primary voltage 220/110 

Secondary voltage 220/110/95 

Copper loss 120 watts 

Core loss 100 watts 

Weight of copper 42 . 5 pounds 

Weight of iron core 70.5 pounds 

Thickness of laminations 025 inch 

Regulation 3.4% 

Full load efficiency 94.5% 

Windings. Primary. Secondary. 

Number of coils * 2 2 

Turns per coil 108 54 

Size wire No. 6 B. & S. No. 4 B. & S. 

c. m. per ampere 1440 1150 
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DESIGN No. 7— Continued 




Digitized by 



Google 



88 



DESIGN OF ELECTRICAL MACHINERY 



DESIGN No. 7— Continued 
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DESIGN No. 8 

Transformer fob Laboratory Use 

Type Distributed iron (shell) 

Capacity 6000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycles per second 

Full load efficiency 96.5% 

All day efficiency 91.9% 

Copper loss 120 watts 

Hysteresis loss 49. 18 watts 

Eddy current loss 15.82 watts 

Windings. Low Tension. High Tension. 

Number of coils 2 2 

Turns per coil 95 950 

Total number of turns.. 190 1900 

Size of wire No. 5 No. 16 

Resistance at 80° C 0736 15.016 
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DESIGN No. 8— Continued 
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DESIGN No. 8— Continued 




TOP VIEW 



Digitized by 



Google 



94 



DESIGN OF ELECTRICAL MACHINERY 



DESIGN No. 8— Continued 
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DESIGN No. 9 

Transformer Suitable for Changing 110- to 120-Volt Alternating 
Current to 20-Volt Alternating Current for 20-Volt Tungsten 
or Mazda Lamps 

Type Distributed coil (core) 

Capacity 1000 watts 

Primary voltage 120 

Secondary voltage 20 

Frequency 60 cycles per second 

Full load efficiency 93.5% 

All day efficiency 84.8% 

Copper loss 38.8 watts 

Total core loss 29.5 watts 

Windings. Low Tension. High Tension. 

Number of coils 2 2 

Turns per coil 20 120 

Total turns 40 240 

Size of wire No. 2 No. 10 

Resistance at 68° F 0086 :219 
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DESIGN No. 9— Continued 
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DESIGN No. 9-Continued 
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DESIGN No. 10 

Type Distributed coil 

Capacity ; 5000 watts 

Primary voltage 2200/1100 

Secondary voltage 220/110 

Frequency 60 cycl< 

Full load efficiency 96.7% 

All day efficiency 90.7% 

Copper loss 79.3 watts 

Hysteresis [loss 21 .2 watts 

Copper losses 79.3 watts 

Total losses 165. 1 watts 

Windings. Low Tension. High Tension. 

Number of coils 4 4 

Turns per coil 56 560 

Total number of turns 224 2240 

Size of wire No. 4 No. 14 

Resistance at 80° C 554 10.0 
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DESIGN No. 10— Continued 



ENGLISH PROJECTION 
SECTION THROUGH A-B 
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DESIGN No. 10— Continued 
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DESIGN No. 11 

Welding Transformer, 6b Transformer for Large Currents at Low 
Electromotive Forces 

Type . .Distributed coils (core) 

Capacity 7000 watts 

Primary voltage 230/115 

Secondary voltage 15/7.5 

Frequency 60 cycles per second 

Full load efficiency 96.1% 

Hysteresis loss 115 watts 

Eddy current 43 watts 

Copper loss 138 watts 

Windings. Low Tension. High Tension. 

Number of coils 4 4 

Turns per coil 1 30 

Total number of turns 4 120 

Size of wire Castings Ribbon 
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DESIGN No. 11— Continued 
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DESIGN No. 12 

10-KlLOWATT AUTO-TRANSFORMER, 230 VOLTS. 60 CYCLES PER SECOND 



STEPS. 



Coil A, 10 turns 
11 £,20 " 
" C, 30 " 
" D,40 " 
" E,W " 
11 P,120 " 



10 layers 10 turns 230' }"Xi" copper strip. Wt.= 55.2 lbs. 



10 
10 
10 
20 
60 



150'l"Xi" 

104'i"Xi" 

60'}"Xi" 

80'}"Xi" 

89'i"Xi" 



Wt.= 
Wt.= 
Wt.= 
Wt.= 
Wt.= 



36.0 
25.0 
14.4 
19.2 
21.4 



Total Wt. = 171.2 lbs. 



PR Losses at Various Per Cent Loads 



Resistance .10 
Coil A, .000396 1.077 

t) per cent 90.3 

Coil B, .00172. .785 

t) per cent 90.3 

Coil C, .002522 .760 

t) per cent 90.3 

Coil D, .004072 .691 

Tj per cent 90.3 

Coil #,.0167.. .805 

t\ per cent 90.3 

Regulation % . 
Coil P, .0297. . .586 



Hysteresis loss 44.564 watts 

Eddy current loss 60.771 watts 

Total core loss 105.335 watts 

Volume iron in magnetic field 78.4 cu.in. 

Weight iron in magnetic field 219.57 lbs. 

Mean length of magnetic circuit 56"=142.2 cm. 



25 


50 


75 


100 


125 


150% 


6.72 


26.47 


60.4 


107.7 


167.5 


241.8 watts 


95.6 


96.9 


97.4 


97.4 


97.1 


96.7 % 


4.97 


19.88 


44.8 


78.5 


120.8 


179.0 watts 


95.6 


97.2 


97.6 


97.5 


97.4 


97.0% 


4.75 


19.0 


42.8 


76.0 


118.7 


171.2 watts 


95.6 


97.2 


97.5 


97.6 


97.5 


97.1 % 


4.20 


17.28 


38.8 


69.1 


107.5 


155.5 watts 


95.6 


97.2 


97.7 


98.4 


98.4 


97% 


5.02 


20.1 


45.2 


80.5 


125.5 


181.0 watts 


95.6 


97.2 


97.6 


97.5 


97.5 


97.0% 


.113 


.314 


.517 


.727 


.93 


1.13% 


3.65 


21.5 


32.9 


58.6 


91.4 


151.0 watts 
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DESIGN No. 12— Continued 
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PAGE 

All-day efficiency 49 

Angle of lag of lead 13, 47 

Arc lighting transformer 21 

Arc lamp regulator 22 

Area of magnetic circuit 34 

Area of conductors t 39 

Auto-transformer 24 

" example of 108 

B 

Base board for laboratory transformer Ill 

Block terminal, example of 84 

" " , connections 56 

Brass terminals 112 

C 

Calculation, of efficiency 49 

" , of magnetizing current 41 

" , of no load current 41 

14 , of regulation 48 

Case, design of 49 

" , Western Electric 50, 51 

" , Westinghouse 52 

Coefficients of leakage 45 

Coaxial coils on rectangular core 5 

Copper castings for welding transformer 106 

" losses 41 

Constant current transformer 21 

Core type transformer 5, 8, 82 

Connections of transformer 56 
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PAfcB 

Cooling of transformer 49 

Counter E.M.F. of self-induction 28 

Cost of losses 17, 18 

Current rushes at switching 28 

D 

Development of transformers. 1 

Design, method of 31 

Designs, illustrative examples 57 

Distributed coil types 8, 58, 81, 99 

" iron types 9, 61, 67, 73 

E 

Eddy current loss 38 

Efficiency, all-day 49 

" , calculation of 49 

" , conditions for high 17, 19 

E.M.F., ratio of primary to secondary 31 

Exciting current . . * 26, 41 

11 " , magnetizing component 41 

" " , energy component 41 

F 

Faraday's ring 2 

Flux, tables of '. 33 

" , linkage 32 

Fixed charges 17 

G 

G. E. Co.'s type of magnetic circuits 9 

Graphical diagram of pressure and current relations 13, 48 

H 

Heat losses 41 

Hedgehog transformer 6 

Hysteresis loss 38 

I 

Ideal transformer 47 

Inductive load, regulation on 13, 15, 48 
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PAGE 

Insulation 11 

Iron losses : 14, 38 

Iron, volume of 38 

' ' , permeability of 27 



K 

Kennedy's shuttle transformer 7 



L 

Lagging current effect on regulation 13, 15, 48 

Leakage coefficients 45 

flux 43 

Length of magnetic circuit 39 

Losses 15, 41 

s, how to divide 17 



M 

Magnetizing current 26, 41 

Magnetic flux, tables of 17 

1 ' circuit, length of 39 

' ' leakage 45 



N 

No load current, see Exciting current. 

Non-inductive load, regulation on 13, 15, 48 

Number of turns 32 



O 

Open circuit current, see Exciting current. 

Oil-cooled transformer, radiating surface of case 49 



P 

Permeability, table of 27 

Phase angles, effect of 13, 15, 48 

Polyphase transformers 25 

Power factor, effect on regulation 15, 48 
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PAGE 

Pressure relations, graphical 13, 48 

Primary current, for purpose of design 39 

" " , for normal load 48 

" " , on open circuits 26, 41 



R 

Radiating surface 49 

Ratio of pressures 31 

Reactance due to leakage 46 

Regulation 48 

Regulator, arc lamp , 22 

Resistance, primary coils 40 

" , secondary coils. .. 40 

Rotary converter 12 



S 

Secondary E.M.F 13, 31, 48 

1 ' , copper loss 41 

1 ' leads, method of connecting 56 

Self-induction, due to leakage 46 

Series transformer 23 

Shuttle transformer 7 

Spreading of coils to reduce leakage 4 

Steinmetz, equation for hysteresis loss 38 

"* , " " eddy current loss 38 

Subdivided coils on rectangular core 5 

Subdivision of coils to reduce leakage 4 



Table, of copper losses 14 

' ' , of core losses 14 

" , of efficiencies ". 14 

' ' , leakage coefficients 45 

' ' , permeabilities 27 

1 ' , total fluxes 17 

Temperature rise 49 

Three-phase transformers 26 

Tests of transformers 19 
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Transformer, illustrative designs 57 

5 KW. Distributed coil 58 

5 KW. Distributed iron 61 

5 KW. Shell type 67 

5 KW. Distributed iron 73 

10 KW. Distributed iron , 77 

15 KW. Distributed coil 81 

4 KW. Laboratory transformer 86 

5 KW. Laboratory transformer 90 

1 KW. 120 to 20 volt transformer 95 

5 KW. Distributed coil 99 

7 KW. Welding transformer 103 

10 KW. Auto-transformer 108 



V 
Volume of iron 38 



W 

Wagner Co. illustrations 55, 56 

Weight of copper 40 

Western Electric Co. illustrations 36, 37, 50, 51, 53, 54 

Westinghouse Co. illustrations 9, 10, 52, 54 
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Short- title Catalogue 

OF THE 

PUBLICATIONS 

OF 

JOHN WILEY & SONS 

New York 

London: CHAPMAN & HALL, Limited 



ARRANGED UNDER SUBJECTS 



Descriptive circulars sent on application. Books marked with an asterisk (*) i 
sold at net prices only. All books are bound in cloth unless otherwise stated. 



AGRICULTURE— HORTICULTURE— FORESTRY. 

Armsby's Principles of Animal Nutrition 8vo, $4 00 

* Bowman's Forest Physiography 8vo, 5 00 

Budd and Hansen's American Horticultural Manual: 

Part I. Propagation, Culture, and Improvement 12mo, 1 50 

Part II. Systematic Pomology 12mo, 1 50 

Elliott's Engineering for Land Drainage 12mo, 2 00 

Practical Farm Drainage. (Second Edition, Rewritten.) 12mo, 1 Sfi 

Fuller's Water Supplies for the Farm. (In Press.) 

Graves's Forest Mensuration 8vo, 4 00 

* Principles of Handling Woodlands Large 12mo, 1 50 

Green's Principles of American Forestry 12mo, 1 50 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.) 12mo, 2 00 

Hawley and Hawes's Practical Forestry for New England. (In Press.) < 

* Herrick's Denatured or Industrial Alcohol 8vo, 4 00 

* Kemp and Waugh's Landscape Gardening. (New Edition, Rewritten.) 1 2mo, 1 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Maynard's Landscape Gardening as Applied to Home Decoration 12mo, 1 50 

Record's Identification of the Economic Woods of the United States. (In Press. ) 

Sanderson's Insects Injurious to Staple Crops 12mo, 1 50 

* Insect Pests of Farm, Garden, and Orchard Large 12mo. 3 00 

* Schwarz's Longleaf Pine in Virgin Forest 12mo, 1 25 

* Solotaroff's Field Book for Street-tree Mapping 12mo, 75 

In lots of one dozen 8 00 

* Shade Trees in Towns and Cities 8vo, 3 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

Woll's Handbook for Farmers and Dairymen 16mo, 1 50 

ARCHITECTURE. 

* Atkinson's Orientation of Buildings or Planning for Sunlight 8vo, 2 00 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Berg's Buildings and Structures of American Railroads 4 to, 5 00. 
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Birkmire's Architectural Iron and Steel 8vo, $3 50 

Compound Riveted Girders as Applied in Buildings 8vo, 2 00 

Planning and Construction of High Office Buildings '. 8vo, 3 50 

Skeleton Construction in Buildings ; 8vo, 3 00 

Briggs's Modern American School Buildings 8vo, 4 00 

Byrne's Inspection of Materials and Workmanship Employed in Construction. 

16mo, 3 00 

Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 1 25 

* Eckel's Building Stones and Clays 8vo, 3 00 

Freitag's Architectural Engineering 8vo, 3 50 

Fire Prevention and Fire Protection. (In Press.) 

Fireproonng of Steel Buildings 8vo, 2 50 

Gerhard's Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo, 1 50 

* Modern Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

Theatre Fires and Panics 12mo, 1 50 

* The Water Supply, Sewerage and Plumbing of Modern City Buildings, 

8vo, 4 00 

Johnson's Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kellaway's How to Lay Out Suburban Home Grounds 8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book 16mo, mor., 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Monckton's Stair-building 4to, 4 00 

Pat ton's Practical Treatise on Foundations 8vo, 5 00 

Peabody's Naval Architecture 8vc, 7 50 

Rice's Concrete-block Manufacture 8vo, 2 00 

Richey's Handbook for Superintendents of Construction 16mo, mor. 4 00 

Building Foreman's Pocket Book and Ready Reference. . 16mo, mor. 5 qo 
* Building Mechanics' Ready Reference Series: 

* Carpenters' and Woodworkers' Edition 16mo, mor. 1 50 

* Cement Workers' and Plasterers' Edition 16mo, mor. 1 50 

* Plumbers', Steam- Fitters', and Tinners' Edition. . . 16mo, mor. 1 50 

* Stone- and Brick-masons' Edition 16mo, mor. 1 50 

Sabin's House Painting 12mo, 1 00 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 1 50 

Snow's Principal Species of Wood 8vo, 3 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep, 5 50 

Wilson's Air Conditioning 12mo f 1 50 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo, 1 25 



ARMY AND NAVY. 

Bernadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellu- 
lose Molecule 12mo, 2 50 

Chase's Art of Pattern Making 12mo, 2 50 

Screw Propellers and Marine Propulsion 8yo, 3 00 

* Cloke's Enlisted Specialists' Examiner 8vo, 2 00 

* Gunner's Examiner .8vo, 1 50 

Craig's Azimuth 4to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law 8vo," 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 . 

* Dudley's Military Law and the Procedure of Courts-martial. . .Large 12mo, 2 50 
Durand's Resistance and Propulsion of Ships 8vo. 5 00 

* Dyer's Handbook of Light Artillery 12mo, 3 00 
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Eissler's Modern High Explosives 8vo $4 00 

* Fiebeger's Text-book on Field Fortification ^ .'Large 12mo, 2 00 

Hamilton and Bond's The Gunner's Catechism 18mo, 1 00 

* Hoff's Elementary Naval Tactics 8vo, 1 60 

IngaHs's Handbook of Problems in Direct Fire 8vo, 4 00 

* Interior Ballistics 8vo, 3 00 

* Lissak's Ordnance and Gunnery 8vo, 6 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II..8vo,each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8vo. half mor. 7 60 

Manual for Courts-martial 16mo, mor. 1 60 

* Mercur's Attack of Fortified Places 12mo, 2 00 

* Elements of the Art of War 8vo, 4 00 

Nixon's Adjutants' Manual 24mo, 1 00 

Peabody's Naval Architecture 8vo, 7 60 

* Phelps's Practical Marine Surveying 8vo, 2 50 

Putnam's Nautical Charts 8vo, 2 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables . .8vo $ 00 

* Selkirk's Catechism of Manual of Guard Duty 24mo, 60 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 1 60 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 7 50 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 50 

* Weaver's Military Explosives 8vo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

ASSAYING. 

Betts's Lead Refining by Electrolysis 8vo, 4 00 

♦Butler's Handbook of Blowpipe Analysis 16mo, 75 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Furman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8 vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12mo, 1 00 

Minet's Production of Aluminum and its Industrial Use. ( Waldo. )...12mo 2 50 

Ricketts and Miller's Notes on Assaying » 8vc 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vc 4 00 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 50 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 

Wilson's Chlorination Process 12mo, 1 50 

Cyanide Processes 12mo, 1 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth 4to, 3 50 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Hosmer's Azimuth 16mo, mor. 1 00 

* Text-book on Practical Astronomy 8vo, 2 00 

Merriman's Elements of Precise Surveying and Geodesy ., . .8vo, 2 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables. ...... 8vo, 5 00 

* White's Elements of Theoretical and Descriptive Astronomy 12mo, 2 00 

CHEMISTRY. 

* Abderhalden's Physiological Chemistry in Thirty ■ Lectures. (Hall and 

Defren.) 8vo, 5 00 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 25 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 00 
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Allen's Tables for Iron Analysis Svo, S3 00 

Armsby's Principles of Animal Nutrition 8vo, 4 00 

Arnold's Compendium of Chemistry. (Mandel.) Large 12mo, 3 50 

Association of State and National Pood and Dairy Departments, Hartford 

Meeting, 1906 8vo, 3 00 

Jamestown Meeting, 1907.... 8vo, 3 00 

Austen's Notes for Chemical Stuasnts 12mo, 1 50 

Bernadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule .' 12mo, 2 50 

* Biltz's Introduction to Inorganic Chemistry. (Hall and Phelan.) . . . 12mo, 1 25 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo, 3 00 

* Bingham and White's Laboratory Manual of Inorganic Chemistry. . 12mo. 1 00 

* Blanchard's Synthetic Inorganic Chemistry. 12mo, 1 00 

* Bottler's German and American Varnish Making. (Sabin.) . . Large 12mo, 3 50 
Browne's Handbook of Sugar Analysis. (In Press.) 

* Browning's Introduction to the Rarer Elements 8vo, 1 . 50 

* ( Butler's Handbook of Blowpipe Analysis 16mo, 75 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

Conn's Indicators and Test-papers 12mo, 2 00 

Tests and Reagents 8vo, 3 00 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1' 25 

Dannerth's Methods of Textile Chemistry 12mo, . 2 00 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 00 

Eissler's Modern High Explosives 8vo. 4 00 

* Fischer's Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.)8vo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vc, 12 50 

When Sold Separately, Vol. I, $6. Vol. II, *8. 

Fuertes's Water and Public Health 12mo, 1 50 

?urman and Pardoe's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Gooch's Summary of Methods in Chemical Analysis. (In Press.) 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo, 1 25 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.) 12mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) 8vo, 4 00 

Hanausek's Microscopy of Technical Products. (Win ton. ) 8vo, 5 00 

* Haskins and Macleod's Organic Chemistry 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol 8vo, 4 00 

Hinds's Inorganic Chemistry 8vo, 3 00 

* Laboratory Manual for Students 12mo, 1 00 

* Holleman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) 12mo, 1 00 

Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 50 

Text-book of Organic Chemistry. (Walker and Mott. ) 8vo, 2 50 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Hopkins's Oil-chemists' Handbook 8vo 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry- -8vo, 1 25 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel- 
making Alloys and Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) ,.12mo, 100 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo. 7 50 
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Lab's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .8vo, 

Low's Technical Method of Ore Analysis 8vo, 

Lowe's Paint for Steel Structures 12mo, 

Lunge's Techno-chemical Analysis. (Conn.) 12mo, 

* McKay and Larsen's Principles and Practice of Butter-making... 8vo, 

Maire's Modern Pigments and their Vehicles 12mo, 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo, 

Mason's Examination of Water. (Chemical and Bacteriological.) . .\. .. 12mo, 

v Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 

* Mathewson's First Principles of Chemical Theory 8vo, 

Matthews's Laboratory Manual of Dyeing and Textile Chemistry 8vo, 

Textile Fibres. 2d Edition, Rewritten 8vo, 

* Meyer's Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition .. ^ 12mo, 

Miller's Cyanide Process 12mo\ 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . .12mo,. 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 

Mixter's Elementary Text-book of Chemistry 12mo, 

Morgan's Elements of Physical Chemistry 12mo, 

* Physical Chemistry for Electrical Engineers 12mo, 

* Moore's Experiments in Organic Chemistry : . 12mo, 

* Outlines of Organic Chemistry 12mo, 

Morse's Calculations used in Cane-sugar Factories 16mo, mor. 

* Muir's History of Chemical Theories and Laws 8vo, 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestuffs Large 8vo, 

* Nelson's Analysis of Drugs and Medicines 12mo, 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) 12mo, 

Part Two. (Turnbull.) 12mo, 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 

* Palmer's Practical Test Book of Chemistry 12mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production 8vo, 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 

Poole's Calorific Power of Fuels • 8vo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Reisig's Guide to Piece- Dyeing 8vo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo. 

Ricketts and Miller's Notes on Assaying 8vb, 

Rideal's Disinfection and the Preservation of Food 8vo, 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 

Ruddiman's Incompatibilities in Prescriptions 8vo, 

Whys in Pharmacy 12mo, 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 

Salkowski's Physiological and Pathological Chemistry* (Orndorff.) 8vo, 

* Schimpf's Essentials of Volumetric Analysis Large 12mo, 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) 8vo t 

* Qualitative Chemical Analysis 8vo, 

* Seamon's Manual for Assayers and Chemists Large 12mo, 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 

Stockbridge's Rocks and Soils 8vo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 
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* Tillman's Descriptive General Chemistry 8vo, 

* Elementary Lessons in Heat 8vo, 

Treadwell's Qualitative Analysis. (Hall.) 8vo, 

Quantitative Analysis, (Hall.) 8vo, 

Turneaure and Russell's Public Water-supples 8vo, 

Vad Deventer's Physical Chemistry for Beginners. (Boltwood.) 12mo, 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo, 

Vol. II 8vo, 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 

* Weaver's Military Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Whipple's Microscopy of Drinking-water 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

Win ton' s Microscopy of Vegetable Poods 8vo, 

Zsigmondy's Colloids and the Ultramicroscope. (Alexander.).. Large 12mo, 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER. 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 

Baker's Engineers' Surveying Instruments 12mo, 

Bixby's Graphical Computing Table Paper 19$ X 24J inches. 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 

Vol. II. Higher Surveying 8vo, 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 

Comstock's Field Astronomy for Engineers 8vo, 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 

Crandall's Text-book on Geodesy and Least Squares 8vo, 

Davis's Elevation and Stadia Tables / 8vo, 

* Eckel's Building Stones and Clays 8vo, 

Elliott's Engineering for Land Drainage 12mo, 

* Fiebeger's Treatise on Civil Engineering 8vo, 

Flemer's Phototopographic Methods and Instruments 8vo, 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering 8vo, 

French and Ives's Stereotomy 8vo, 

Gilbert, Wightman, and Saunders's Subways and Tunnels of New York. 

(In Press.) 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 

Hosmer's Azimuth 16mo, mor. 

* Text-book on Practical Astronomy 8vo, 

Howe's Retaining Walls for Earth 12mo, 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 10mo, mor. 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying. Large 12mo, 
Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 

* Mahan's Descriptive Geometry 8vo, 

Merriman' s Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors 16mo, mor. 

Nugent's Plane Surveying 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design 12mo, 
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Ogden and Cleveland's Practical Methods of Sewage Disposal for Resi- 
""- dences, Hotels, and Institutions. (In Press.) 

Parsons's Disposal of Municipal Refuse 8vo, $2 00 

Patton's Treatise on Civil Engineering 8vo, half leather, 7 50 

Reed's Topographical Drawing and Sketching 4 to, 5 00 

Riemer's Shaft-sinking under Difficult Conditions. (Corning and Peele.).8vo. 3 00 

Siebert and Biggin's Modern Stone-cutting and Masonry . 8vo, 1 50 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Soper's Air and Ventilation of Subways 12mo, 2 50 

* Tracy's Exercises in Surveying 12mo, mor. 1 00 

Tracy's Plane Surveying 16mo, mor. 3 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage. 8vo, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep, 5 50 

Warren's Stereotomy — Problems in Stone-cutting. 8vo, 2 60 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2iX5f inches, mor. 100 

* Enlarged Edition, Including Tables mor. 1 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

ldmo, mor. 1 25 

Wilson's Topographic Surveying 8vo, 3 50 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges.. 8 vo, 2 00 

* Thames River Bridge Oblong paper, 5 00 

Burr and Palk's Design and Construction of Metallic Bridges 8vo, 5 00 

Influence Lines for Bridge and Roof Computations 8vo, 3 0Q 

Du Bois's Mechanics of Engineering. Vol. II Small 4 to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 50 

Greene's Arches in Wood, Iron, and Stone 8vo, 2 50 

Bridge Trusses 8vo, 2 50 

Roof Trusses 8vo, 1 25 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 2 60 

Heller's Stresses in Structures and the Accompanying Deformations. . . . 8vo, 3 00 

Howe's Design of Simple Roof-trusses in Wood and Steel 8vo. 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Treatise on Arches 8vo, 4 00 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to, 3 50 

* Plate Girder Design 8vo, 1 50 

* Jacoby's Structural Details, or Elements of Design in Heavy Framing, 8vo, 2 25 
Johnson, Bryan and Turneaure's Theory and Practice in the Designing of 

* Modern Framed Structures Small 4to, 10 00 

•^Johnson, Bryan and Turneaure's Theory and Practice in the Designing of 

Modern Framed Structures. New Edition. Part 1 8vo, 3 00 

* Part II. New Edition » .8vo, 4 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo v 2 50 

Part II. Graphic Statics 8vo, 2 60 

Part III. Bridge Design 8vo, 2 50 

Part IV. Higher Structures 8vo, 2 60 

Ricker's Design and Construction of Roofs. (In Press.) 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and 

Arches 8vo, 2 00 

S Waddell's De Pontibus, Pocket-book for Bridge Engineers ldmo, mor. 2 00 

* Specifications for Steel Bridges 12mo, 50 

Waddell and Harrington's Bridge Engineering. (In Preparation.) 

HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 
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Bovey'8 Treatise on Hydraulics 8vo, $5 00 

Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4 to, paper, 1 50 

Hydraulic Motors ; 8vo, 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 3 00 

Coffin's Graphical Solution of Hydraulic Problems 16 mo, mor. 2 50 

Plather's Dynamometers, and the Measurement of Power 12mo, 3 00 

Polwell's Water-supply Engineering 8vo, 4 00 

Prizeil's Water-power 8vo, 6 00 

Fuertes's Water and Public Health 12mo, 1 50 

Water-filtration Works 12mo, 2 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hexing and Trautwine.) 8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-s applies 8vo, 3 00 

Hazelhurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Hoyt and Grover's River Discharge 8vo, 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo, 4 00 
♦.Lyndon's Development and Electrical Distribution of Water Power. 

8vo, 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) . 8vo, 4 00 

* Merriman's Treatise on Hydraulics. 9th Edition, Rewritten 8vo, 4 00 

* Molitor's Hydraulics of Rivers, Weirs and Sluices 8vo, 2 00 

* Morrison and Brodie's High Masonry Dam Design 8vo, 1 50 

* Richards's Laborator^Notes on Industrial Water Analysis 8vo, 60 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Large 8vo, 6 00 

* Thomas and Watt's Improvement of Rivers 4to, 6 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged 4to, 6 00 

Water-Supply of the City of New York from 1658 to 1895 4to, 10 00 

Whipple's Value of Pure Water Large 12rao, 1 00 

Williams and Hazen's Hydraulic Tables 8vo, 1 50 

Wilson's Irrigation Engineering 8vo, 4 00 

Wood's Turbines 8vo, 2 50 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8vo, 5 00 

Treatise on Masonry Construction 8vo, 5. 00 

Black's United States Public Works Oblong 4to, 5 00 

* Blanchard and Drowne's Highway Engineering, as Presented at the 

Second International Road Congress, Brussels, 1910 8vo, 2 00 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

* Bottler's German and American Varnish Making. (Sabin.) . . Large 12mo. 3 50 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Byrne's Highway Construction 8vo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing 8vo, 4 50 

Du Bois's Mechanics of Engineering. 

Vol. I. Kinematics, Statics, Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures , Small 4to, 10 00 

* Eckel's Building Stones and Clays 8vo. 3 00 

* Cements, Limes, and Plasters 8vo, 6 00 

Fowler's Ordinary Foundations 8vo, 3 50 

* Greene's Structural Mechanics 8vo, 2 50 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 
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* Hubbard's Dust Preventives and Road Binders. 8vo, S3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, . 3 00 

Johnson's (J. B.) Materials of Construction Large 8vo, 6 00 

Keep's Cast Iron 8vo, 2 60 

Lanza's Applied Mechanics 8vo, 7 60 

Lowe's Paints for Steel Structures 12mo, 1 00 

Maire's Modern Pigments and their Vehicles 12mo, 2 00 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo. 1 25 

* Vol. II. Kinematics and Kinetics 12mo, 1 50 

* Vol. III. Mechanics of Materials 12mo, 1 60 

Maurer's Technical Mechanics 8vo, 4 00 

Merrill's Stones for Building and Decoration 8vo. 5 00 

Merriman's Mechanics of Materials 8vo, 5 00 

* Strength of Materials. 12mo, 1 00 

Metcalf 's Steel. A Manual for Steel-users 12mo, 2 00 

Morrison's Highway Engineering .8vo, 2 50 

* Murdock's Strength of Materials 12mo, 2 00 

Patton's Practical Treatise on Foundations '. . . . 8vo, 5 00 

Rice's Concrete Block Manufacture 8vo, 2 00 

Richardson's Modern Asphalt Pavement 8vo, 3 00 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo, mor. 5 00 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready . 

Reference Series) 16mo, mo:. 1 50 

Handbook for Superintendents of Construction. 16mo, mor. 4 00 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) ldmo, mor. 1 50 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 5 00 

* Ries and Leighton's History of the Clay-working Industry of the United 

States 8vo. 2 50 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 3 00 

* Smith's Strength of Material 12mo, 1 25 

Snow's Principal Species of Wood 8vo, 3 50 

Spalding's Hydraulic Cement 12mo, 2 00 

Text-book on Roads and Pavements 12mo, 2 00 

* Taylor and Thompson's Concrete Costs Small 8vo f 5 00 

* Extracts on Reinforced Concrete Design 8vo, 2 00 

Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 2 00 

Part II. IronandSteel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Tillson's Street Pavements and Paving Materials 8vo, 4 00 

Turneaure and Maurer's Principles of Reinforced Concrete Construction. 

Second Edition, Revised and Enlarged 8vo, 3 50 

Waterbury's Cement Laboratory Manual 12mo, 1 00 

* Laboratory Manual for Testing Materials of Construction 12 mo, 1 50 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

SteeL * ; 8vo, 4 00 

RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X5 inches, mor. 1 25 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brooks's Handbook of Street Railroad Location 16mo, mor. 1 50 

* Burt's Railway Station Service 12mo, 2 00 

Butts's Civil Engineer's Field-book 16mo, mor. 2 50 

CrandalUs Railway and Other Earthwork Tables 8vo, 1 50 

Crandall and Barnes's Railroad Surveying 16mo, mor. 2 00 

* Crockett's Methods for Earthwork Computations 8vo, 1 50 

Dredge's History of the Pennsylvania Railroad. ( 1879) Paper, 5 00 

Fisher's Table of Cubic Yards Cardboard, 25 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . ldmo, mor. 2 50 
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Hudson's Tables for Calculating the Cubic Contents ot Excavations and Em- \ 

bankments 8vo, SI 00 

Ives and Hilts's Problems in Surveying, Railroad Surveying anU Geodesy 

lftmo, mor. 1 50 

Molitor and Beard's Manual for Resident Engineers 16mo, 1 00 

Nagle's Field Manual for Railroad Engineers 16mo, mor. 3 00 

* Orrock's Railroad Structures and Estimates 8vo, 3 00 

Philbrick's Field Manual for Engineers 16mo, mor. 3 00 

Raymond's Railroad Field Geometry 16mo, mor. 2 00 

Elements of Railroad Engineering 8vo, 3 50 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formulae and Tables 16mo. mor. 3 00 

Searles's Field Engineering 16mo, mor. 3 00 

Railroad Spiral 16mo, mor. 1 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, 1 50 

Webb's Economics of Railroad Construction Large 12mo, 2 50 

Railroad Construction '. 16mo, mor. 5 00 

Wellington's Economic Theory of the Location of Railways Large 12 mo, 5 00 

Wilson's Elements of Railroad-Track and Construction 12mo, 2 00 

DRAWING 

Barr and Wood's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 150 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 60 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of Machines 8vo, 4 00 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics; or, Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4 to, 4 00 

Velocity Diagrams 8vo, 1 50 

McLeod's Descriptive Geometry Large 12mo, 1 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50 

Industrial Drawing. (Thompson.) 8vo, 3 50 

Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.. 8 vo, 3 00 

Robinson's Principles of Mechanism „ ., 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. . 8vo, 3 50 

Elements of Machine Construction and Drawing 8vb, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Forms and - 

Shadow I2mo, 1 00 

Manual of Elementary Projection Drawing 12mo, 1 60 

Plane Problems in Elementary Geometry 12mo, 1 25 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo, 5 00 
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Wilson's (H. M.) Topographic Surveying 8vo, S3 60 

•Wilson's (V. T.) Descriptive Geometry 8vo, 1 60 

Free-hand Lettering 8vo, 1 00 

Free-hand Perspective 8vo, 2 60 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 25 

Andrews's Hand-book for Street Railway Engineers 3X6 inches mor. 1 25 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Anthony and Brackett's Text-book of Physics. (Magie.).r. .Large 12mo, 3 00 

Benjamin's History of Electricity 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

* Collins's Manual of Wireless Telegraphy and Telephony 12mo, 1 60 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo, 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

* Getman's Introduction to Physical Science 12mo, 1 50 

Gilbert's De Magnete. (Motteiay ).. 8vo, 2 50 

* Hanchett's Alternating Currents 12 mo, 1 00 

Hering's Ready Reference Tables (Conversion Factors) 15mo, mor. 2 60 

* Hobart and Ellis's High-speed Dynamo Electric Machinery 8vo, 6 00 

Holman's Precision of Measurements 8vo, 2 00 

Telescope- Mirror-scale Method, Adjustments, and Tests Large 8vo, 75 

* Hutchinson's High-Efficiency Electrical Illuminants and Illumination. 

Large 12mo, 2 60 

* Jones's Electric Ignition 8vo, 4 00 

Karapetoff's Experimental Electrical Engineering: 

* Vol. I . 8vo, 3 50 

* Vol. II ; 8vo, 2 60 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 2 00 

Landauer's Spectrum Analysis. (Tingle.) - . . . 8vo, 3 00 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

* Lyndon's Development and Electrical Distribution of Water Power. .8vo, 3 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols, I. and II. 8vo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

* Morgan's Physical Chemistry for Electrical Engineers 12mo, 1 50 

* Norris's Introduction to the Study of Electrical Engineering 8vo, 2 50 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.) . .8vo, 2 00 

* Ryan's Design of Electrical Machinery: 

* Vol. I. Direct Current Dynamos 8vo, 1 50 

Vol. II. Alternating Current Transformers. (In Press.) 

Vol. III. Alternators, Synchronous Motors, and Rotary Convertors. 
(In Preparation.) 

Ryan, Norris, and Hoxie's Text Book of Electrical Machinery 8vo, 2 60 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat 8vo, 1 60 

* Timbie's Elements of Electricity * Large 12mo, 2 00 

* Answers to Problems in Elements of Electricity 12mo, Paper 25 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 

* Waters's Commercial Dynamo Design .8vo, 2 00 
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LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 

* Davis's Elements of Law 8vo, 

* Treatise on the Military Law of United States 8vo, 

* Dudley's Military Law and the Procedure of Courts- martial. .Large 12mo, 

Manual for Courts-martial 16mo, mor. 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Contracts. 8vo, 

Law of Operations Preliminary to Construction in Engineering and 
Architecture 8vo, 

Sheep, 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 

Briggs's Elements of Plane Analytic Geometry. (Bdcher.) 12mo, 

* Buchanan's Plane and Spherical Trigonometry 8vo, 

Byerly's Harmonic Functions 8vo, 

Chandler's Elements of the Infinitesimal Calculus 12mo, 

* Coffin's Vector Analysis 12mo, 

Compton's Manual of Logarithmic Computations 12mo, 

* Dickson's College Algebra Large 12mo, 

* Introduction to the Theory of Algebraic Equations Large 12mo, 

Emch's Introduction to Projective Geometry and its Application 8vo, 

Fiske's Functions of a Complex Variable 8vo, 

Halsted's Elementary Synthetic Geometry 8vo, 

Elements of Geometry 8vo, 

* Rational Geometry 12 mo, 

Synthetic Projective Geometry 8vo, 

* Hancock's Lectures on the Theory of Elliptic Functions 8vo, 

Hyde's Grassmann's Space Analysis 8vo, 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 

* 100 copies, 

* Mounted on heavy cardboard, 8 X 10 inches, 

• # * 10 copies, 

Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 

Curve Tracing in Cartesian Co-ordinates 12mo, 

Differential Equations 8vo, 

Elementary Treatise on Differential Calculus Large 12mo, 

Elementary Treatise on the Integral Calculus Large 12mo, 

* Theoretical Mechanics 12mo, 

Theory of Errors and the Method of Least Squares 12mo, 

Treatise on Differential Calculus '. . . Large 12 mo, 

Treatise on the Integral Calculus Large 12mo, 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 

Karapetoff's Engineering Applications of Higher Mathematics: 

* Part I. Problems on Machine Design Large 12mo, 75 

Koch's Practical Mathematics. (In Press.) 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . l*mo, 2 00 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

m Small 8vo, 1 75 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, 1 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

* Trigonometry and Tables published separately. Each, 2 00 

Macfarlane's Vector Analysis and Quaternions 8vo, 1 00 

McMahon's Hyperbolic Functions 8vo, 1 00 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12mo, 1 25 

* Martin's Text Book on Mechanics. Vol. I. Statics 12mo, 1 25 

* Vol. II. Kinematics and Kinetics 12mo, 1 50 

* Vol. III. Mechanics of Materials 12mo, 1 50 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each $1 00 

No. 1. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. tyo. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Solution of Equations 8vo, 1 00 

* Moritz's Elements of Plane Trigonometry 8vo, 2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12 mo, 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modern Mathematics 8vo, 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2*X5t inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 50 

Weld's Determinants 8vo, 1 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Woodward's Probability and Theory of Errors 8vo, 1 00 

MECHANICAL ENGINEERING. 
MATERIALS OF ENGINEERING. STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 12mo, 1 50 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

' Barr and Wood's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing r 8vo, 3 00 

* M " " Abridged Ed 8vo, 1 50 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 50 

* Burr's Ancient and Modern Engineering and the Isthmian Canal 8vo, 3 50 

Carpenter's Heating and Ventilating Buildings 8vo, 4 00 

* Carpenter and Diederichs's Experimental Engineering 8vo, 6 00 

* Clerk's The Gas, Petrol and Oil Engine . .8vo, 4 00 

Compton's First Lessons in Metal Working 12mo, 1 50 

Compton and De Groodt's Speed Lathe 12mo, 1 50 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers .Oblong 4to, 2 50 

Cromwell's Treatise on Belts and Pulleys 12mo, 1 50 

Treatise on Toothed Gearing 12mo, 1 50 

Dingey's Machinery Pattern Making 12mo, 2 00 

Durley's Kinematics of Machines 8vo, 4 00 

Flanders's Gear-cutting Machinery Large 12mo, 3 00 

F lather's Dynamometers and the Measurement of Power 12mo, 3 00 

Rope Driving 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Goss's Locomotive Sparks 8vo, 2 00 

* Greene's Pumping Machinery 8vo, 4 00 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 2 50 

* Hobart and Ellis's High Speed Dynamo Electric Machinery 8vo, 6 00 

Hutton's Gas Engine 8vo, 5 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Gas Engine 8vo. 4 00 

Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 
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* Kaup's Machine Shop Practice Large 12mo $1 25 

* Kent's Mechanical Engineer's Pocket- Book 16mo, mor. 5 00 

Kerr's Power and Power Transmission 8vo, 2 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 2 50 

* Lanza's Dynamics of Machinery 8vo, 2 50 

Leonard's Machine Shop Tools and Methods 8vo, 4 00 

* Levin's Gas Engine 8vo, 4 00 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean)..8vo, 4 00 
MacCord's Kinematics; or, Practical Mechanism.. 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, 1 50 

MacFarland's Standard Reduction Factors for Gases 8vo, 1 60 

Mahan's Industrial Drawing. (Thompson.) 8vo, 3 50 

Mehrtens's Gas Engine Theory and Design Large 12mo, 2 50 

Miller, Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 
ing 8vo, paper. 75 

Oberg's Handbook of Small Tools Large 12mo, 2 50 

* Parshall and Hobart's Electric Machine Design. Small 4 to, half leather, 12 50 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged . 8vo, 3 50 

* Perkins's Introduction to General Thermodynamics 12mo. 1 50 

Poole's Calorific Power of Pueis 8vo, 3 00 

* Porter's Engineering Reminiscences, 1855 to 1882 8vo, 3 00 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richards's Compressed Air 12mo, 1 50 " 

Robinson's Principles of Mechanism 8vo, 3 00 ^ 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Smith's (0.) Press-working of Metals , ,8vo, 3 00 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large l2mo, 3 00 

Stone's Practical Testing of Gas and Gas Meters 8vo, 3 50 / 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 1 00 

Treatise on Friction and Lost Work in Machinery and Mill Work . . . 8vo, 3 00 

* Tillson's Complete Automobile Instructor 16mo, 1 50 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2*X5f inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 50 

Weisbach's Kinematics and the Power of Transmission. (Herrmann- 
Klein.) 8vo, 5 00 

Machinery of Transmission and Governors. (Hermann — Klein.). .8vo, 5 00 

Wood's Turbines 8vo, 2 50 

MATERIALS OF ENGINEERING. 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo, 4 50 

* Greene's Structural Mechanics 8vo, 2 50 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel- Making Alloys and Graphite Large 12mo, 3 00 

Johnson's (J. B.) Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo, 2 50 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

Lowe's Paints for Steel Structures 12mo, 1 00 

Zaire's Modern Pigments and their Vehicles 12mo, 2 00 
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Maurer's Technical Mechanics 8vo, $4 00 

Merriman's Mechanics of Materials 8vo, 8 00 

* Strength of Materials 12mo, 1 00 

Metcalf *s Steel. A Manual for Steel-users 12mo, 2 00 

* Murdock's Strength of Materials 12mo, 2 00 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo, 3 00 

Smith's (A. W.) Materials of Machines 12mo, 1 00 

* Smith's (H. E.) Strength of Material 12mo, 1 25 

Thurston's Materials of Engineering 3 vols., 8vo, 8 00 

Part I. Non-metallic Materials of Engineering 8vo, 2 00 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 60 

Waterbury's Laboratory Manual for Testing Materials of Construction. 

(In Press.) 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00 

Treatise on the Resistance of Materials and an Appendix on the 

Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo, 

Carnot's Reflections on the Motive Power of Heat. (Thurston.) 12mo, 

Chase's Art of Pattern Making 12mo, 

Creighton's Steam-engine and other Heat Motors 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. .. . l6mo, mor. 

* Gebhardt's Steam Power Plant Engineering 8vo, 

Goss's Locomotive Performance 8vo, 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo, 

Mechanical Engineering of Power Plants. . . . ' 8vo, 

Kent's Steam Boiler Economy 8vo, 

Kneass's Practice and Theory of the Injector 8vo, 

MacCord's Slide-valves 8vo, 

Meyer's Modern Locomotive Construction 4to, 

Miller, Berry, and Riley's Problems in Thermodynamics.. ..... .8vo, paper, 

Moyer's Steam Turbine 8vo, 

Peabody's Manual of the Steam-engine Indicator 12mo, 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo, 

Thermodynamics of the Steam-engine and Other Heat-engines. . . . 8vo, 

* Thermodynamics of the Steam Turbine 8vo, 

Valve-gears for Steam-engines 8vo, 

Peabody and Miller's Steam-boilers 8vo, 

* Perkins's Introduction to General Thermodynamics 12mo. 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 

Sinclair's Locomotive Engine Running and Management 12mo, 

Smart's Handbook of Engineering Laboratory Practice 12mo, 

Snow's Steam-boiler Practice 8vo, 

Spangler's Notes on.Thermodynamics 12mo, 

Valve-gears 8vo, 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 

Thomas's Steam-turbines 8vo, 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake 8vo, 

Handy Tables 8vo, 

Manual of Steam-bv ^ers, their Designs, Construction, and Operation 8vo, 

Manual of the Steam-eng^-v* 2 vols., 8vo, 

Part I. History, Structure, and Theory 8vo, 

Part II. Design, Construction, and Operation 8vo, 
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Wehrenfennig's Analysis and Softening of Boiler Peed-water. (Patterson ) 

8vo, $4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design . .8vo. 5 00 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering * 8vo, 

Mechanics of Fluids (Being Part IV .of Mechanics of Engineering). . 8vo, 

* Mechanics of Internal Work 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo, 

Notes and Examples in Mechanics 8vo, 

Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, 
Du Bois's Elementary Principles of Mechanics: ( 

Vol. I. Kinematics 8vo, 

Vol. II. Statics 8vo, 

Mechanics of Engineering. Vol. I Small 4to, 

Vol. H. ; Small 4to, 

* Greene's Structural Mechanics 8vo, 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo. 

* Johnson's (W. W.) Theoretical Mechanics 12mo, 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission 8vo, 

Lanza's Applied Mechanics 8vo, 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 

* Vol. II. Kinematics and Kinetics 12mo, 

* Vol. III. Mechanics of Materials 12mo, 

Maurer's Technical Mechanics 8vo, 

* Merriman's Elements of Mechanics 12mo, 

Mechanics of Materials 8vo, 

* Michie's Elements of Analytical Mechanics 8vo, 

Robinson's Principles of Mechanism 8vo, 

Sanborn's Mechanics Problems. . Large 12mo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Wood's Elements of Analytical Mechanics 8vo, 

Principles of Elementary Mechanics 12mo, 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

* Bolduan 's Immune Sera 12mo, 1 50 

Bordet's Studies in Immunity. (Gay.) 8vo, 6 00 

* Chapin's The Sources and Modes of Infection Large 12 mo, 3 00 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 1 50 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 6 00 

* Fischer's Nephritis » Large 12mo, 2 50 

* Oedema 8vo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

* de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) ... Large 12mo, 250 

* Ham mars ten's Text-book on Physiological Chemistry. (Mandel.) 8vo, 4 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 25 

Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo. 1 50 

* Nelson's Analysis of Drugs and Medicines 12mo, 3 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. )..12mo, 1 25 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Conn.). • 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Whys in Pharmacy 12mo, 1 0© 

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 50 
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* Satterlee's Outlines of Human Embryology 12mo, $1 25 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 2 50 

* Whipple's Tyhpoid Fever Large 12 mo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

* Personal Hygiene 12mo, 1 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 
and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital % 12mo, 1 25 

•METALLURGY. 

Betts's Lead Refining by Electrolysis 8vo,' 4 00 

Bolland's Encyclopedia of Pounding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo, 3 00 

Iron Founder 12mo, 2 50 

** " Supplement 12mo, 2 60 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo, 3 00 

* Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12 mo, 1 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

* Iles's Lead-smelting ¥ 12mo, 2 50 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 3 GO 

Keep's Cast Iron 8vo, 2 50 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 2 50 

* Palmer's Foundry Practice Large 12mo, 2 00 

* Price and Meade's Technical Analysis of Brass 12mo, 2 00 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 3 00 

Smith's Materials of Machines 12mo, 1 00 

Tate and Stone's Foundry Practice 12mo, 2 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modern Electrolytic Copper Refining 8vo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book 12mo. 2 50 

MINERALOGY. 

* Browning's Introduction to the Rarer Elements 8vo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals 8vo, paper, 

Cloth, 

* Crane's'Gold and Silver 8vo, 

Dana's First Appendix to Dana's New " System of Mineralogy" . .Large 8vo, 
Dana's Second Appendix to Dana's New '* System of Mineralogy." 

Large 8vo, 

Manual of Mineralogy and Petrography. 12mo, 

Minerals and How to Study Them 12mo, 

System of Mineralogy * Large 8vo, half leather, 

Text-book of Mineralogy 8vo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables 8vo, 

* Eckel's Building Stones and Clays 8vo, 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.). ; 8vo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks. 8vo, 

Rock Minerals .8vo, 
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Johannsen's Determination of Rock-forming Minerals in Thin Sections. 8vo, 

With Thumb Index $5 00 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe 12mo, 60 

Merrill's Non- metallic Minerals: Their Occurrence and Uses. 8vo, 4 00 

Stones for Building and Decoration 8vo, 5 00 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 
Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production # 8vo, 1 00 

* Pirsson's Rocks and Rock Minerals 12mo, 2 60 

* Richards's Synopsis of Mineral Characters 12mo, mor. 1 25 

* Ries's Clays: Their Occurrence, Properties and Uses 8vo, 5 00 

* Ries and Leighton's History of the Clay-working inausiry of the United 

States 8vo, 2 50 

* Rowe's Practical Mineralogy Simplified 12mo, 1 25 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 

MINING. 

* Beard's Mine Gases and Explosions. .^ Large 12mo, 3 00 

* Crane's Gold and Silver .* 8vo, 5 00 

* Index of Mining Engineering Literature 8vo, 4 00 

* 8vo, mor. 5 00 

* Ore Mining Methods 8vo, 3 00 

* Dana and Saunders's Rock Drilling 8vo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eissler's Modern High Explosives 8vo, 4 00 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining 8vo, 5 00 

* Iles's Lead Smelting 12mo, 2 50 

* Peele's Compressed Air Plant 8vo, 3 50 

Riemer's Shaft Sinking Under Difficult Conditions. (Corning and Peele.)8vo, 3 00 

* Weaver's Military Explosives 8vo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 2 50 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 1 25 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 8vo, 3 00 

Jamestown Meeting, 1907 8vo, 3 00 

* Bashore's Outlines of Practical Sanitation 12mo, 1 25 

Sanitation of a Country House 12mo, 1 00 

Sanitation of *Recreation Camps and Parks 12mo, 1 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo, 3 00 

Water-supply Engineering 8vo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fuertes's Water-filtration Works 12mo, 2 50 

Water and Public Health 12mo, 1 50 

Gerhard's Guide to Sanitary Inspections 12mo, 1 50 

* Modern Baths and Bath Houses 8vo, 3 00 

Sanitation of Public Buildings 12mo, 1 50 

* The Water Supply, Sewerage, and Plumbing of Modern City Buildings. 

8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-supplies 8vo, 3 00 

* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 3 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 7 50 

Mason's Examination of Water. (Chemical and Bacteriological) 12mo, 1 25 

Water-supply. (Considered principally from a Sanitary Standpoint). 

8vo, 4 00 

* Mast's Light and the Behavior of Organisms Large 12mo, 2 50 
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* Merriman's Elements of Sanitary Engineering. 8vo, $2 00 

Ogden's Sewer Construction 8vo, 3 00 

Sewer Design 12mo, 2 00 

Parsdns's Disposal of Municipal Refuse 8vo, 2 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 1 60 

* Price's Handbook on Sanitation : 12mo, 1 60 

Richards's Conservation by Sanitation 8vo, 2 60 

Cost of Cleanness. . , 12 mo, 1 00 

Cost of Food. A Study in Dietaries , 12mo, 1 00 

Cost of Living as Modified by Sanitary Science '. 12mo, 1 00 

Cost of Shelter 12mo, 1 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point 8vo, 2 00 

* Richey's Plumbers', Steam-fitters', and Tinners' Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 1 50 

Rideal's Disinfection and the Preservation of Food 8vo, 4 00 

Soper's Air and Ventilation of Subways 12mo, 2 50 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Venable's Garbage Crematories in America 8vo. 2 00 

Method and Devices for Bacterial Treatment of Sewage 8vo, 3 00 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

* Typhoid Fever Large 12mo. 3 00 

Value of Pure Water , Large 12mo, 1 00 

Winslow's Systematic Relationship of the Coccaceae Large 12mo, 2 50 

MISCELLANEOUS. 

* Burt's Railway Station Service 12mo, 2 00 

* Chapin's How to Enamel 12mo. 1 00 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 1 50 

Ferrel's, Popular Treatise on the Winds 8vo, 4 00 

Fitzgerald's Bos con Machinist 18mo, 1 - 00 

* Fritz, Autobiography of John 8vo, 2 00 

Gannett's Statistical Abstract of the World 24mo, 75 

Haines's American Railway Management. . . . , 12mo, 2 50 

Hanausek's The Microscopy of Technical Products. (Winton) 8vo, 5 00 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency 8vo, 3 50 

Metcalfe's Cost of Manufactures, and the Administration of Workshops.. 8vo, 5 00 

* Parkhurst's Applied Methods of Scientific Management 8vo, 2 00 

Putnam's Nautical Charts } 8vo, 2 00 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1804. 

Large 12mo, 3 00 

* Rotch.and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 2 00 

Rotherham's Emphasised New Testament Large 8vo, 2 00 

Rust's Ex-Meridian Altitude, Azimuth and Star-finding Tables. 8vo 5 00 

Standage's Decoration of Wood, Glass, Metal, etc 12 mo 2 00 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 2 25 

Westermaier's Compendium of General Botany. (Schneider) 8vo, 2 00 

Winslow's Elements of Applied Microscopy 12mo, 1 50 

HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to. half mor, 5 00 

Green's Elementary Hebrew Grammar 12mo 1 25 
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